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ABSI1RACT

Research jeading to the application and implementation of techniques for
computer handling of human factors task data gemerated in support of :ro-
space system development programs is discussed. The technique development
is based on the assumption that z user-oriented computerized data handling
system will help draw human factors specialists closer to needed data. The
application of these techniques should reduce the problem of data accessi-
bility and allow more effective use of data in the system design and devel-
opment process. A computerized data handling systerm tn store, celectively
retrieve, and process human factors data in a user-oriented environment

was wplemeiited througit & ©1:0% STudy Caperibicnuai Cyetem (PSESY - Thi-
experimental system provided the primary means for evaluating the research
results. This report discusses the development process of the PSES, the
computer software used by the PSES, data ciassification techniques, and
vocabulary controls. Consideration is alsc given to the feasibility of
providing (1) analytic and simulation tools in a user-oriented environment,
(2) current awareness notification of data entries, and (3) an advanced

and sophisticated classification scheme for identifying functional rela-
tionships.
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SECTION 1

DEVELOPMENT AND APPLICATION OF TASK DATA HANDLING TECHNIQUES

OVERVIEW OF THE PROBLEM

The importance of ensuring early human factors consideraticns in the desig.
of aerospace systems has long been recognized by both government and indus-
trial specialists. The ever ‘ncreasing complexity cf today's advanced sys-
ters demands that human performance considerations be an integral part of the
overall system performance. While government agencies have instituted vari-
ouS programs to ensure proper consideration of the human eiement, e.g., the
Personnel Subsvstem program in the Air Force, the sheer speed of system de-
velopment has placed »n almost impossible burden on human factors specialists.
Both the amounts of informaticn generated and the compressed system develop-
ment schedules have led the specialist to rely heavily on his own expertise
when data are not known to exist or are inaccessible. As a result, the in-
put to early identification of human factors reguirements and the integration
of these reg irements into system design have not been satisfactory.

The research reported here was designed to study ways to alleviate some of
these problems through the appiication of computer technolegy. The tech-
niques explored in this research program are based on the assumption that a
user-oriented, computer based, data nandling s,stem will help draw human fac-
tors specialists closer to ~v~ded data and thet he applicition of such a
system will help rcouce the prab}em of Jata accessibility and allow more ef-
fective use of data in the system design and development process.

RESEARCH GOAL

The research yoals are drrected toward the devele ment of techniques that
will a1d the human factors specialist, buth in government and industry, 1o
improve the effectiveness of data in the development process of Systems.

Tnhese goals are:

needed
The data system st provide rapid access to information on personnel and
training cequirements, tacilities, equipment, and other task relatec nfor-

mation qenerated at any point in the gevelopment cyclie 0f systoms,

Provide a means by which data can be accessed when and where they are

Frovide data for sny oot 0f g system dupliircaced in past systems or
current s
?57§m¥557115Adirected to alleyiating the problem of duplicate ceneration
of date. Informa‘ion agererated i support of one System shauld be avail-
able far mak.ng decisians on new systems,

Frovige a store of data fvow whigh the yser ~ay retrieve sel ectiveiy
This geal is eaﬁ‘ to alleviate *he crobTer Lg‘aLCESB?“‘ the Tncreas:
volume of data generated i support of systems. At ary poing in t1me! tne

e e b




snecialict is usually interested in cbtaining carticular data cr combina-
tions of data and nothing eise.

® Provide deta that are .urrent and frequently updated
Tf =2 time required to avall the user of needed information is greater
than the time it takes for information to change, then the information in
the data system, though important to applications or other systews, may be
inadequate for immediate use. Since the data generated in support of
systems have a ranid decay rate, the data user must be provided with the
latest information 25 aquickly as possible.

® Provide basic anaivtic tocls
Rather *han force the user to apply specific analytic technigues to his
data, the data sytsem should ailow the user to select from a prol of exist-
ing analytic routines, o simultaneously write and operate new analytic
routines that meet nis need.

¢ Provide a standard language withour ~due constraini on the user
Technical terms describing human behaviur are usually ambiguous and redun-
dant. Some means of vocabulary coniro! must be provided so that data may
be retrieved consistentiy by different users.

RESEARCH APPROACH

Figure 1 itlustrates the research activities leading to the application and
implementation of cuomputer techniques for hanaling human factors task data
generated in support of aerospace system development programs. The activi-
ties are grouped into three areas of study, viz., Preliminary Recearch,
Pilot Study, and Pilot Study Experimentai System (PSES).

Preliminary Research

The objective of the preliminary research was to identify problem areas and

to determine the feasibility of developing improved methods for handling

human Factors task data. It was recognized early in the research program that
technic res for data hardiing must be developed in context with the total en-
vironment in which they are to oporate. Knowledge about the types of data to
be handled, the neeus of generators and users of data, and the needs for data
handling is a prerequisite to the design of such a system. Thus, before re-
commendations for developing specific techniques couid be made, the research
was directed (v the fulfiliment of the following objectives:

* identify the representative groups of technical and professioral special-
ists involved in the generation and use of human factors task information

® Identify the types and classes of d.ta generated, used, aad required by the
government and its contractors in system desiqn, development, and operation

® [dentify Lhe relation.hips between data categories, the input/outpui char-
acteristics of the data, and the various phases in system devel. tent under
which the data ar. generated and used
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s Describe the uses of the data in making system design, development, uper -
ation anu related management decisions

. Assess the types of current and peteniial uses of computers for handling
system data

[ Assess the current and desired data retrieval times

] Recomiend the desired characteristics for a technical data handling system
to operate in a govermment/centractor environment

In response to the preceding objectives, information was gathered through an
extensive review of the literature, interviews with pertinent government ang
industry personnel, and from responses to questionnaires,

The rasults of the preliminary research are reported in:
Hannah, L. D,; Boldovici, J. A.; Altman, J. W.; and Manion, R, C. The Role

of Human Faci rs Task Data in Aerospace System Design and Development,
AMRL=-TR-65-131 (RD 621 379),

Hannah, L. D, and Reed, L. E. Basic Human Factors Task Data Rclationships
in Aerospace Systems Design and Developmert, AMRL-1R-b6b-231 (AD 630 638).

Whiteman, I. R. The Role of Computers in Handiing Aerospace Systems Human
Factors Task Data, AMRL-TR-65-206 (AD 631 182).

Filot Study

The objectives of the initial study effort beyond the preliminary research was
to define requirements and develop techniques for the computerized handling of
human factors task data. Research was divided into six distinct efforts (see
figure 1): (1) Derive Operational System Requirements; (2) Derive Operational
System Concept; {(3) Define Pilot Study kequirenents; (4) Seiect Research Areas;
(5) Conduct Research: and, (6) Develop Pilot Study Design Specifications.

The results of the initial research are reported in:
Potter, K. W.; Tulley, & T.; and Reed, L. L. Development and Application

of Computer Scftware Techniques to Human Factors Task Nata Handling Problems,
AMRL-TR-66-200 ([AD 647 993).

Derive Operational System Requirements

An extensive review of the recommendations, information, and experience re-
sulting from the preliminary research led to the det.rmination of 14 re-
quirements for the development of an operatiunal data handling systen. These
requirements provided the guidelines for the pilot study research and for

the development of an experimental system. The requirements are:

(1) The -ystem must be oriented to user requirements. [t must satisy tne
iwcds nf aerospace scientists and engine~rs and must fulfill management
needs for data.




(5)

The system must provide for the storage, updating, and retrieval of nu-
man factors task data. The data should be indexed to permit retrieval
based on several reference points.

The data system must be responsive to current Air Force and National
Reronautics and Space Administration (NASA) systen and data management
concepts. vompatibility, rather than dependability, with the system
engineering process is recommended.

The system must provide simplicity of use by accepting and outputting
data in a form approaching user terminology. A1l inputs and outputs
must be immediately interpretable by the user. This includes all data,
wnether they are qualitative or quantitative in nature.

The user of the data system must have easy access to the stored data
through the use of a user-oriented query language. The terminology
interpreted by the system must be compatible with the language employed
by the user in his system-specific activity.

Provisions must be made for ex.ernal storage of data that cannot be
coded economically for computer storage. Where applicable, cross-icn-
dexed data should be stored in the computer for referencing information
filed externally, e.g., documents, pictures and graphs.

The data bark structure must be flexible enough to allow for future
expansion and inclusion of additional ¢-*a elements--categories of in-
formatio.. This flexibility will allew ror changes in data concepts
and new system requirements and avoid major changes in the structure of
the data base.

The data bark must be capable of frequent updating while retaining
selected data for such uses as design trend analysis. The system must
be capable of purging unwanted historical information. The updating
capability of the system should allow for the storage of information
generated in support of on-3oing phases of an aerospace system life
cycle.

The data system must be capable of recrieving similar information gen-
erated in support of diffearent aerospace systems. This capability will
allow maximum use of data in making design decisions for new systems,

The data systr.. must be capabie of selectively retrieving data elements
by quaiifying them with other data elements. With this capability, the
user receives only the data he needs and nothing else.

The data system must have the capability of protecting data naving
security classification and/or proprietary status.

The data system must provide the capability of processing retrieved
data through the uce of analytic programs and simulation models with
a minimum of human intervention.
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(13) The system must provide the user freedom ir specifying the format of
outputs.

(14) The system must provide for currert awareness notifications to quali-

fied users, in response to interest profiles. A notification is de-

fined as a statement (via teletype) that data meeting the requirements

of a qualified user have been added to the information store.

Derive Operational System Concept

A concept of an operaticnal system for handling and processing aerospace Sys-
tem human factors data in a government/industry environment was developed to
lend a realistic context to the research (Reed and Wise, 1965). The concept
was derived from the preceding operatioral system requirements and was used
to assist in identifying problems for research.

A brief description of this concept is presented next.

Figure 2 illustrates the conceptualized operating system in an Air Force en-
vironment. The Cata Exchange Center is the heart of the system which con-
sists of computer hardware, computer programs, data storage, and a data con-
trol group.

Dave
1 txchange (&

(entar
Postal Fosta!
Service | —_— : Servrie

Long form LGN Form
Printouts Proctouts

System |
see >

TN M Tractory H—«J

eput Tata

Figure 2. Conceptualized Cperating System




ror purposes of dic ussinn, 1t will be assumed that a data exchange center

is located a%t an Air Force Systems [ommand (AFSC) Division. Subcontrac-

tors provide prime contractors with data. The prime contractor integrates
these data with his own and ~ends them to the data exchange center in a for-
mat ready for input to the computer., New data and updates will be entered

in the data bank on a continuous basis--not just at design milestones. The
data bank contains humar factors data from several aerospace systems. This
makes it possible for a System Program Cffice (SPO), or SPO-designated users,
to compare data lengitudinally within a system and across systems,

A1l of the techniques and programs available at the data exchange center are
available to contractors for use on their own computer equipment. 1If certain
special techniques such as large-scale simulation cannot be conducted at the
Tocal center, the services of the data exchange center may be requested
through the appropriate SPO.

Two modes of communication with the data exchange center are used. SPO's and
user commands have direct communication with the data bank by means of tele-
types operating in a time-shared mode. Requests, short responses to requests,
and current awareness notifications can be sent economically over tele*ype
lines. Postal services are used to deliver large voiume printouts. Other
users will use postal services or teletype to the SPO control group for all
input and output communications.

The central processing unit see figure 3) must be a medium to large computer
with features adapteble to time-shared multiprocessing and multiprogramming
operations. It must have an extremely flexible growth notential for in-
cre~sed processing power a d storage capability.

The input/output (1/0) processor, shown separitely, controls all data trans-

fers. It allows the central processor to be free to continue basic process-

ing while various priorities of data transfers are handled separately. Among
these priorities are teleprocessina traffic, memery transfers, and peripheral
buffering.

The data bank memery consists of a variety of storage capabilities, ranging

from direct ra' lom-access to off-line cards and tapes. Because of the vol-

ume and growth rate ¢ the data bank, additions to storage are required from
time to time. Microfilm storage supplements the data bank. An index to the
microfilm 1s maintained in the data bank. Thus, as data are retrieved “rom

the computer storage, references are listed for supplemental retrieval from

microfiln,

Telepracessing capability is described here as a direct hookup of remote and
on-line teletype stations with the 1/0 central processor. These stations may
be in the computer room, SPQ's in the same building, or across the country.
nocombination of hardware and software safequards crotects proprietarv and
classified information,

The ST) control group assists and moniters the data cvcle within the exchange
facility. This group would be an extersion of each of the SPC s involved.
Thie group would hopefully stimulate cross-talk bhetween *the SPQ's and provide

Bt B
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an added measure of control on proprietary information.

for the collection, review, and verification of incoming data.

They are responsible
Thev also

maintain the software; handle the reproduction of materials including data
lists, charts, and reports; and monitor the relassabiiity of all cutputs.

Define Pilot Study Requirements

Pilot study requirements were developed to fccus more clearly on the opera-
A concept of the comnuter

software functions was developed to exemplify the inner working of an cpera-
tional system and to narrow ~own the identification of research asreas dis-
cussed next.

tional aspects of computer software functicns.

Select Research Areas

Five areas, considered fundamental from the standpocint of studying @
These five areas are pre-

blem and proposing solutions, were identified.

sented and discussed below:

he pro-

Analysis of Human Factors Task Data, Data Relaticn<nips, and {1assifi-

cation Schemes




One of the most important considerations in applying in€ormation system
techniques to data handling probiem. is the determination of the charac-
teristics of the data to be handled by the system. The factor; involved

in gaining a complete understanding of the data include their diversity,
anrlication, environment, content, life cycle, and significant phases in
their generation and use. The personnel involved in data handling are

also important factors--their problems, response times, tocls, scheduling
and products. Therefore, an analysis of the data and of the people direct-
1y concerned with the data is needed.

Vocabulary and Thesaurus Techniques Applied to Human Factors Task Data

A capability that increases the effectiveness of communication among
man/machine/software functions is highly desirable in computer systems.
Yocabularies in today's systems cannot be used as orf-the-shelf component:--
rhey must be tailored to the environment of the system. In this research
program, a special consideration--standardization--is apparent in study-

1ng tesk data terminology. Not only is the problem apparent for treating
maitisystem data, but also in peaviding for multiugsere A data vacabuylary
is essential tc this information syster and requires careful study in its
application.

Computer Storing and Retrieval of Human Factors Task Data

Particular problems, identified in the preliminary research program
{Hannah et al., 1965), that directly concern users of task data are the
handiing of larqe amounts of data, dealing with scattered sources, and
drawing from previous and current experionce with systems. The recommen-
dations resulting from the preliminary -esearch call for a store of infor-
mation, mutually available to those who require such information, in a
form that expedites the use of that information. The recommendatiors led
to the conclusion that a factual storage and retrieval capability i«
needed which always keens data up-to-date.

Anglytical and Simulatior M ‘eling Techniques Applied to Human Factors

Task Data

Techniques employed by analysts in refining task date into useful products
are viien the result of scientific analysis and modeling procedures. Such
procedures dare highly amenable to computer applications. [f raw quanti-
tative data are easily accessible it a computer store, various processing
techmiques can be irmediateiy and directlyv applied to refine the data inte
the required preducts.

Current Awareness Techniques Applied to Human factors Task Data

A special prabler pointed cut by Hannak ot al.(1965) concerns the ina-
bility of analysts to keep up with the fast pace or data gqeneration. This
is particularly true when the data are scattered, or ¢ channels providing
awareress are 1nefficient. [Inefficiency is almost alwavs present when
several separdte organizaticns are involved. The reguirement that Spe-
cialists be immediately aware of the generation of data. whern they are per -
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tirent to their interests,can be faciiitated by the functioning of a com-
mon data store. The yroblem of assuring awareness can be lessened by set-
ting up a major automated control point trh 3t acts as a disseminator and
provide. notification of pertinent data tc interested pesple. The opera-
tional system can act as the control pcint.

Conduct Research

The activity during this stage led to the formulation of an initial, y.t
detailed, desior This activity included describing particular problems and
objectives for each research area, as well as planning and carrying ou* (he
research. Figure 4 shows the interface relationships of the five research
areas. The results provided the basis for the development of the pilot study
design specifications. The nature of the operational system concept and its
man/machine functions became clearer as problems were explored., Modifications
to the concept were made during the course of the study, as shown by the feed-
back loops in figure 1. The results of the resecrch in each of the five areas
are reported in Puotter et al. (1966) and “n Sections III through V11 of this
report.

cevelop Pilot Study Design Specifications

The pilot study design specifications were generated in respense to the re-
search results drawn from the five research areas discussed previously. The
spacifications describe and identify the requirements, technigues, functional
interface, and approach necessary for the development of a data handling sys-
tem. Since the objective of the research was not to develop a full operating
system, but rather to explore technigues necessary for such a system, the
specifications also identify those areas which are carried into computer soft-
ware and those which will be tested manually or aiven narrative treatment.
These specifications included such topics as: detaile c¢haracteristics of

the data used as inputs, necessary software required for input, retrievai,
update and output, thesaurus, analysis and simulation, user's and controller's
guides, and the =nvirgonment necessary to support the development of the data
system. The design specifications provided both a direction for research and
an approach 1o be usea in the development of an experimental data svstem,

The specifications are reported in:
Tulley, A. T. and Meyer, G. R. Implementation of Covputer Software Tech-
niques to Human Factors Task Data Handling ¥ sbjene, TMRU-TR.EY1TT "on fed Down

Pilot Study Experimental Systes

ilot Study Experimental System {PSESY sncompasses a research areas tha
The Pilot Study Experimental System {PSESY »ncomp 1 Areas tha
are carried to test and evaluatior and will ultizately resylt in regamrenda-

tions for the development of an operaticnal data handling syste~, The PSIS
development was divided into four distinct efforts: (1Y ldentify Dilot
Study Experimentai System Desian, () Develop Pilct Study fxperimertal Sys-
tem, (3) Conduct Tests, and (4) Evaluate Test Results and Prepare Reronmen-
datiens.

.
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Describe Piltot Study
Design Specifications

Figure 4. Interface of Research Areas
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Identify Pilot Study Experimental System Design

The design specifications of an experimental system satisfy those areas of
the pilot study that are carried into the development of a computerized eval-
uative system for handling human factors task data. The specifications, re-
ported in Tulley and Meyer (1967), resul‘ed in the development of the PSES.
The PSES provided the means by which data handling techniques were tested and
evaluated.

Develop Pilot Study Experiinental System

The PSES was developed to focus more clearly on all aspects--hardware, soft-
ware personnel, environment, etc.--of a total operating data system. While
the PSES was not regarded as an operatioral system for field use, it did pro-
vide a means for determining the feasibility cf such a system. The processes
and steps that led to the developme~t of the PSES are discussed in Sections
IT and III of this report. The development procedures included: (1) the
generation of an experimentai data pool, (2 the application of computer
technigues, (3) interir development tests, and (4) implementation of modifi-
cations to the PSES in accorda ce with tes: results.

The design of any information system is based upon its functions, that is,
what it is intended to do. The system requirements (see page &) specify the
conditions for handling task data in a computerized svstem. [ cluded in the
requirements are stipulations that affect the manner in which the conditions
are met, such as user orienta*-on, selectivity in retrieval, vocabulary stand
ardization. To the extent possible, these cenditions were applied o the
development of the PSES. State-of-the-art considerations were determinirg
factors with regard to the application of computer hardware and scftware to
the PSES functions. Manual ogrerations were applied where automation was irm-
possible or impractical. Ffor exampie, vocahbulary control was achieved by
manual application of thesaurus techrology. Thougn neorautorated, tre the-
saurus itself is¢ part of rthe fotal PSES nperation, ard 15 reported i

Oller, R. G. Huma
AMRL-TR-67-J11 (AD 670 5781,

Nata Thesaurus (An App

dser-~rientation wias a prime consideration in the sejection of o
ware and software. This means that the yser must e able o ooesgnigate -
rectly ... th the computer without vrogromyer iateryertipn The jaar =0t yise
be avle to access data selectiely within a variety of leyvels ¥ spedfiont,
ard obtain a raprd response 0 aueries,  The Corputer Mirdware and softaare
applications to the PSES are discussed e Seation (10 0fF smis eror?
Conduct Tests

wher: 3 relatively & cancept of the syste~ rad heer agnieved ard a set o
procedures developed, the PSES was suhregted o0 realistic tesr sit 3tires,
The purpose 0f the test was to abtain data for evaluyating tne techrig,es fe-
velgre, during the rescarch period, whetrer =anydi or automated. Tne test
situation invelved the use of the corputer stored experimental fata pool,
programs, and on-lire computer nardware 0 vyt iye ggeries. osgman factors




specialists engaged in system developmen. projects participated in the test
program., With the assistance of a user's guide, <oecially designed for the
test program, the specialists accessed data from computer storage. Ques-
tionnaires and debriefing periodc were used to obtair data for evaluating the
PSES functions. Included in the yues*ionnaire were questions regarding the
effectiveness of the training pericd, the use of the guide, difficulties en-
countered in the retrieval process, types of data that should be added to the
experimental data pool, possible uses of the data system, and the appiicabil-
ity of the system concept to aerospace system development programs. The de-
briefings were directed primarily v clarificaticn of questionnaire responses.

Evaluate Test Results and Pr>pare Recommerdations

Test results were evaluated for possible immediate changes or recommended
changes to the PSES design. The test results also served to identify those
areas needing further research, as shown by the feedback locps in figure 1.
Changes and recommendation for changes are discussed 1n we appropriate sec-
tions of this report. The test procedures and evaluation of the resulys are
presented in:

Reed, L. E.; Reardon, S. E.; and Tulley, A. T. Test and Lvaluation of Com-

puter Te Lnn13yes_‘3r Kandling Human Facrars Task Data [in publicatien).

Instructions for the operation and mainterance of *he PSES functions were pre-
gared i1 user’s ang controlier's cuides. These instructions are reported in:

rdon, S, €. Cn'outerived Hu*qj fap*"rs *1<A Data ~avd11v‘ *e(hv*w
'ser's and Controller's Dperating auides, AMRU-TR-ET-TTF :
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® Section VII discusses the problems, rev ews techniques, and presents pro-
bable appiication of analysis and simulation techniques to task data.
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SECTION II
TASK DATA FILE DEVELOPMENT

INTRODUCTION

The Pilot Study Experimental System (PSES), discussed in Section I of this

report, provides a means to test and evaluate data handling techniques. It

also provides the primary tool for determining the applicability of classifi-
cation schemes for organizing human factors task information into computer §
acceptable form, and for determining the adequacy of vocabulary controis f
that must be imposed on the data. Research that led to the development of ?
data classification schemes for the PSES was reported by Potter et al. (1966).

An advanced, but untried, classification scheme, is nresented in Section VI

of this report. The development of vocabulary controls was revorted in Oller

(1967) and in Section V of this renort.

This section discusses the development of an experimental data poui for PSES

test and evaluation exer:’ses. Two subjects are discussed: (1§ the selection

an¢ organization of sample task data for the PSES, and (2) the preparation

of data for computer storage. The first subject covers the selection of

aerospace systems, seiection of data types, identification of classes of ;
data, and selection of sampie data for input to the PSES. <{(lassification :
structures and vocabulary controls are discussed briefly in context with the

total development of the experimental data pool for the PSES. The second

subject includes all processes necessary for converting the selected samnle

data into a format acceptable to computer storage and processing.

SELECTION AND ORGANIZATION OF DATA

Figure 5 illustrates the overall activities that led to the selection of a
representative sample of data for input to the PSES. The activities begin

with the selection of serospace systems to be considered in the research and

terminate with the seiection and organization of data to be prepared for

computer storage. i

Selection of Systems

Data handling techniques cannot be developed and tested in a vacuum, To more
reaiistically fulfill the requirements listed in the preceding section (see

page 4), aerospace systems in early stages of design were selected for this ’
study. The following criteria governed the selection of systems:

e The systems should be in early stages of development so that the
evclutionary process of data generation and use can be considered.

e The systems must contain a personnel subsystem or life science nrogram.
® The systems must contain development programs that require the generation

of task information.

-15-
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® The systems should be representative of those developed for the covernment,
e.g9., space systems, aircraft systems, missile systems.

To be effective, data handling techniques must be applicable to different types
of aerospace systems. The research must determine whether or not a data sys-
tem can be developed that processes information generated from totally dif- .
ferent types of aerospace systems and still provide for accessing data across |
cystems, Thus, rather than select a sample of similar types of systems, e.g., '
aircraft systems, or subtypes of similar sysi.ms, e.g., fighters or trainers, '
thvee differaut types were chosen:

Aircratr sys..m-Heavy T-ansport Aircraft (C-5A)
Comnand and control system-Airborne Launch Control Center (/LCC)
Space hooster system-Saturn V, Stage IC (SV-IC)

At the time of selection, all three systems were in various stages of early
deveiopment, and all required some form of human factors effort in their de-
velopment process.

Selection of Human Factors Data Forms

To be useful, a data system must be capable of precessing information in all
its various forms and at any level of detail. This requirement is particu-
larly important to human factors information, since the forms of the data are
as varied as the ways they are reported and used. The research prob~m was
to select an aggregate of human factors data containing tnese characteristics.
In their report of the preliminary research, Hannah and Reed (1965) con-
cluded that human factors task data constitute a large body of information
used throughout system development and that the use of this information is
essential to the system u-velopment process. Task data are used in some way
throughout every stage of system development, are often used repeatedly,
e.qg., the same data may be used to generate training requirements and man-
ning estimates, and contribute to a large variety of aerospace system pro-
ducts. Figure € illustrates sowe of the various uses made of task and task
analysis data in Air Force Personnel Subsystem (PS) programs. Furthermore,
the forms that task data take, e.g., narrative, quantitative, and the for-
matting structure of these data, e.g., fixed formats, graphs, drawings, are
representative of the total personnel subsystem data forms and formats used
in aerospace system deveiopment programs.

Ry—

L e AT tAr S0l

The procedures and requirements for generating task information vary from

system to system. Task information varies considerably in both content and {
form, depending on the system development piogram problems, the system being ’
analyzed, the period in the system life cycle, and on the idiosyncrasies and

needs of the data generator. The research problem was tr <~ * - group of

task data from each of the three aerospace systems. The ta. . selected

had to be representative of the total task data generated on eaun system and

had to form a coherent group with regard to uses in the three aerospace sys-

tems. That is, the data may vary in form and content, but their uses, e.g.,

generation of personnel and training requirements, maintenance procedures,

job analysis, myst be similar. Appendix I contains illustrative sample for-
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Figure 6. Uses of Task Data in System Development Programs
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mats used by originating aerospace system contractors for recording task in-
formation on the ALCC and C-5A. These include formats, such as task analysis
worksheets (TAWS), Requirements Allocation Sheets (RAS), time-line analysis (TL),
engineering and other drawings (DR), task listings in Quaiitative and Quanti-
tative Personne! Requirements Information (QQPRI? documents, and other engineering
data (OED). A large sample of these formats, containing operational and main-
tenance task information on the .nree systems , was analyzed fo. content and ap-
plicabilitv to computer storage in accordance with the requirements listed on
pages 4 through 6 of this report,

Isolation of Major Data Elements

An important consideration in applying information system techniques to data
handling problems is the detcermination of the characteristics of the data to
be handled by the system. Factors involved in gaining a complete understand-
ing of the data include their diversity, application, environment, content,
life cycle, and the significant phases in their generation and use. Since
the data system must adhere to multiple user requirements, the research must
determine if a data structure can be developed for diverse types of aero-
space systems that must rely heavily on common storage and indexing tech-
niques. The need for a common method of labeling and defining data is ap-
parent if the automation goals of the research are to be met. Currently there
are no precedents for a user-oriented information system that includes such

a large assortment of data types generated in support of many system devel-
opment programs that establishes information handling techniques on a

factual rather than a document level.

The first need was to create an organizational framework that accommodates

task data generated in support of different aerospace system development pro-
grams. To allow the user to access data across systems, information common

to all systems, as well as system specific information, had to be identified,
labeled, and defined. The procedure used, and reported by Potter et al.(1966),
was based on the derivation of common data elements. A data element, in this
context, is a label that represents a generic class of information containing
any number of subordinate classes of data. The defined elements must accom-
mndate a wide vairiety of data and must serve as the common pivotal point

for conducting detailed content analysis of specific data items. Data generated
in support f the three systems selected for this research were used to derive
a list of data elements. The first step was accomplished by comparing the
major information content of the dat formats (see Appendic¢ II). This exercise
produced the following ten elements presented with their definitions

Data Element Definition
1. Object System The designator of a specific aerospace system.
2. Mission A specific operational maintenance profile or pro-
Information file segment for the specified object system,
3. System Specific data relating to the hardware and soft-
information ware required to accornlish the specified mission
or segment.
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4. Performance Specific data relating tc the level of detail to be
Description included in the related performance descriptions
5. Performance Specific data relating to the man/machine, and man/
Characteristecs ma~ 1nterfaces and duties required to accomplish the
specified mission or segment
6. Hardware Specific data regarding the human engineering char-
Characteristics acteristics of the hardware required to accomplish
the specified mission or segment
7. Personnel The job title and/or Air Force specialty code of
Description personnel required in the specified activity--spe-
cial skills or knowledge required of the performer
are also noted
8. Time Specific data regarding performance or mission re-
Information latid time values
9. Remarks Miscellaneous comments and remarks necessary to
explain any material contained in other data ele-
ments
10. Source Specific data regarding the origin and author, date
Identifiers of completion or revision, references used by the

generators, and security or proprietary restrictions

Data Item Analysis

The ter major elements represent classes of data common across the C-5A, ALCC,
and Saturn, and represent the most general level of information content for
these there systems. The next step was to carry the content analysis to the
data item level, e.g., particular statements of human performance, hardware,
special skills, and knowledge. Thus, the approach was to first classify task
data ..to a generic structure--elements--then provide for subclasses--data
jtems--in accordance with the requirements for using data. This approach in-
volved specifying the level of detail needed to access selectively individual
data itams »ccording to user's needs. The p-imary objectives of the data

item content analysis were as follow:

® Identification of Common [ata ]tems

To provide a standard frame-of-reference for retrieving data within and
across aerospace systems, it is necessary to isolate tonose data items com-
mon to all systems. The ways in which data are referred to vary from
system to system and from analyst to analyst. The same information may
take the form of numbers, be described in narrative form, or be coded.
For example, there is no standardized method for defining or describing
personnel hazards involved in the performance of tasks. One analyst may
place the degree of hazards involved in a particular task on a rating
scaje, while another analyst simply describes hazards in narrative form.
In Hther instances, personnel hazard data may be embedded in other cate-
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gories of information, such as task criticality, personnel safety, criti-
cality to mission success, or actual accomplishment of tasks. By choosing Lo
a single term tc refer to hazard information, the likelihood of data loss

in the retrieval process is reduced. In this way, the data user is able to ’
retrieve hazard information across aercspace systems. Where differences in \
data form exist, e.g., narrative descriptions vs. ratings, computer based

comparisons of these data cannct be made, e.g., retrieve tasks, across sys-
tems, with the highest hazard iating. This would require standardized tech-
niques for generating and analyzing data in aerospace system development ;
programs. For the PSES, the user retrieves the data and performs the de-
sired comparisons manually.

® Data Item Definitions
Fach data jtem 3s defined in accordance with content and usage. Coded data

Lé. are defined and aerospace system names or codes are identified in each defi-
- nition for quick manual reference during retrieval.

® sSelection of Data Item Labels
Upon completion of the data content analysis, standard labels for common
data across systems are selecte?. For example, data pertaining to hazards
for all systems are labeled HAZARDS, even though the form of data may be
different for each system. Data that are unique to a system are also
Tabeled. i

* Data Item Categorization

K categoricaiion scheme appropriate to each data item is selected and

classes of related data items are grouped into the appropriate data ele-
ment. The categerization scheme selected is determined by the data item
characteristics and content. A variety of categorization schemes may be
required to best organize the data. For example, certain data are amer-
able to hierarchical arrangements, whiie others are best arranged in al- !
phabetical order or by key terms.

s Jdentification of Data Item Characteristics
¥he characteristics of the information contained in each data item are
defined. The characters, e.g., alpha, numeric, symbolic, or combinations
o: these; and make-up, €.g.. number of numeric digits, maximum number of
alpha characters, number of lines of narrative, for each data item are
identified.

The data item analysis, ported in detail by "otter et al.(1966), generated
27 ALCC data items, 35 (-hA data items, and 28 Saturn data items as listed in ,
Table 1. Results of the Zata content analyses for the three aerospace sys- :
tems are presented in Appendix I', along with statements about the data

sources. Data item (computer element) definitions are presented in Appendix

ITl.

Selection of Data for the PSES

The total amount of human factors task data generated on any one aerospace
system development program i< unguestionably Jarge and unwieldy. The three
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systems selected for this research are no exception. To facilitate the re-
search process, the experimental data pool for the PSES was kept modest in
size. Technically, nothing is gained by continuously loading an experimental
data pool. However, data for PSES experimentation were representative of the
total task data generated for systems in the early acquisition phase. The
central block in figure 5 shows the mission phases for each system, the num-
ber of tasks selected for each mission phase, and the sources from which data
were obtained.

The data selected from ALCC included operational and flight maintenance task
information. Although the ALCC is a subsystem to a larger system, task data
concerned with the interface with the larger system were included when nec-

essary to specify ALCC tasks. The maintenance data selected were limited to
in-flight and flight line maintenance; no field, or depot level maintenance

data were included.

Sample operational and maintenance task data were selected from C-5A documents.

The operational data consisted of tasks performed by the flight crew cn a com-
plete mission--preflight through postfiight. Maintenance data consisted of
turnaround and periodic tasks, and of a selection of field and organizationdl
level maintenance tasks, including component level detail required to diag-
nos? and correct faulty subsystems. No depot level maintenance tasks were
included.

The Saturn data consisted entirely of maintenance operations, includiny re-
pair, remove and replace tasks to the individual part level for sequential
operations. Sequential operation consisted of maintenance loops for the
Saturn Launch Vehicle Countdown.

Data Organization

The organization of data for storage is fundamental to the development of any
computer technique for handling tasx intormation. The data crganization must
be responsive to the retrieval needs of users (see Section I, page 2).

Potter .~ al.(1966) indicated that in some data systems simple organiza-
tional schemes are adequate. For example, bibliographic data are often o--
ganized by subject or title; associated data, such as publication author,

and keywords are all linked or grouped with primary reference points, e.g.,
subject. Searches are made using the subject as the prime search key and as-
sociated data are thus retrieved with refe-ence to this primary key. More
complex organi:zational schemes are needed when the requirements to retrieve
involve a higher level of selettivity. A greater degre= of depth is needed if
many subassociaticns are implied in the data, e.g., hanaling task data on a
factual level. The data can be subdivided into many hierarchical levels of
detail, which together form a condition for data retrieval. For example, a
task statement (a particular level of detail) may be “ivided in the verdb

and noun, and each task may be further divided into sevaral categoriaes, such
as time, position, equipment and criticality. The comp.ter software tech-
niques for handli-y data in hierarchical arrangements are aiscussed in Sec-
tion IIf, page 33.
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A second problem in the development of a fact retrieval system is *"e selec-
tion of a particular data item under which all other data may be organized

(a computer entry). Implicit in the selection of a data item is the level of
detail necessary for selective retrieval. The data item selected for the PSES
experimental data pool was the task--statements that describe human acticns
in aerospace system operations and maintenance. A1l other information either
identifies the task, e.g., the system, the mission phase under which the task
{s performed, entry dates; or describes the task in terms of associaterd data,
e.g., time to perform, hardware required, task criticality. For the experi-
mental data pool, items 1 through 10 in Table I identify the ALCC, C-5A,

and Saturn data and items 12 th-ough 35 describe the task.

The data values (information content) that identify and describe a task are
grouped as one entry to the experimental data pool, as iliustrated in figure 7.
Each of the items (categories) represented by the blocks in the figure con-
tains one or more data values that identify and describe a single task. Fig-
ure 8 shows how entries are grouped for the computer data base (the group

of data elements under which data values are organized for computer storage).
For the experimental data pool, the data items shown in Tabie I are identical
to the computer data elements that form the data base (see Section III). Typ-
ical data values for some of the data are shown in figure 8. Note that the
hierarchical arrangement of the data is maintained through repetition of data
values. Thus, more than one task appears under a single mission phase and
mission segment to allow the user to access data at either level of detail.
The data values that describe the task are unique to each task.

Ideally, the need for accessing data across all aerospace System (see item 9,
page 5) should result in the development of a single data base. This weuld
provide the user with a capability to retric.e information from one or any
number of aerospace systems with a single computer query. The creation of a
single data base might have been accomplished by adding a data iten catled
SYSTEM to the data base elements. This item would have then served as a
condition for retrieval. Data items unique to particular systems would have
been coded tc designate them as empty cells on entries for other systams.
However, the need for protecting data having security classification and/or
proprietary status {see item 11, page 5) requires that the intejgrity of each
aernspace system data base be maintained. Access to the data system must be
rigidly controlled to enforce the provisions of security and to protect
proprietary infoi \ation. 7o satisfy this requirement, three separate data
bases, one for each aerospace system, were created for the PSES. Access to
each 1s through the aerospace system name, e.g., ALCC. The technique for
selectively accessing data from each of the three data base conients is
identical.

The creation of a separate data base for each of the three acrospale systems
prevents access of information across systems in a single query. Since the
organization of data is identical for each, qualified users can retrisve data
across systems by accessing each data base separately and repeating the same
query statement on each. That the user must gquery each data hbase separately
to access data across aerospace systems dnes not present an appreciable prob-
lem, but the process is inconvenient and time consuming. 7o ai  the user, a
fourth data base was created, called INDEX. This data base contains refererce
points to data contained in the three a~rospace Sy.te data bases. The con-
puter elements are similar to the system data bases, tut only 1ique values
for the ALCC, C-5A, and Saturn are stored. Thys, while a varticular AFSC
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code r -y appear numerous times in the ALCC data base (depending on the number
of tasks assigned to that AFSC), INDEX contains only one reference point to
that AFSC. This technique permits the user to determine, in one query, if the
particular AFSC in guestion has aiso been assigned to other systems. For the
PSES experimental data pool, a selected number of data items was used for the
INDEX deta base. The data items are shown in Appendix V.

DATA PREPARATION FOR COMPUTER STORAGE

Figure 9 i1lustrates the overall activities that led to the preparation of task
data for -tcrage in the PSES. The activities start with the development of a
standard input form and conciude with the storage of data on magnetic tape and
disc, as preliminary steps to computer processing of the data.

Input Forr-

As described previously, task informaticn generated in support of the three
systems exists in a wide variety of physical for.ats. They range from free
formatted analvsis worksheets and drawings to highly formatted forms (see
Appendix I). To assist in the extraction and organization of data, a common
format was required to record the data. A review of the data formats of the
Air Force, NASA, and various contractors was conducted to determine whether

an existing format could be used as a standard for the research. The formats
examined did not provide ‘the flexibility necessary for recording data f-~m the
three systems. Thus, a standard input form, based on the ten data elements on
page 16, was designed (see Appendix IV). This standard input form served to
compact the data from various locaticns in the generator’s system support
formats into a central location, facilitatec the conversirn of data intc stan-
dard nits, e.g., time into minutes and hundredths of minutes, and reduced

the time required to convert the data intc computer acceptable form--key-
punching., The information recorded on each form was based on the data items
shown in Appendix V.

The process of extracting information from original formats was regarded as a
clerical operation, in contrast to the generation of data. Undergraduate
university students assisted in this operation. An informal training program
was prepared to acquaint the students with: (1) the content and use of human
factors task information with which they were to work, (2) instructions for
using the standard input form, and (3} the guidelines for extracting informa-
tion from system formats. The data extraction guidelines for the three systems
are in Appendix VI.

Quality Control

After data were transferred to the standard input form, these forms were
exanined for correctness. Spelling, abbreviations, and grammatical correct-
ness were verified. If certain items of data were missing from the input
forms, they were checked against the original data source to determine if
particular items of data were indeed unavailable. Terminology was standardized
as much as possible, particularly in the area of hardware information. For
example, the same hardware may have been designated "copilot instrument panel",
"copilot's instrument panel”, and "CP instrument panel"., A1l representations
of time were converted into minutes and hundredths of minutes.
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Vocabulary Control

The final step before keypunching the data was to determine if the descriptors
in the task statements adhered to the definitions in the controlled vocabulary
and the rules governing word usage describe. by Oller (1967). The rules and
standardized definitions helped to minimize the inconsistencies in meaning of
all terms, contrel the proliferation of syn iyms, reduce the loss of data in
the retrieval process, and avoid the aclusion of jargon in the data base.

Keypunching

After all corrections were made to the input forms, their contents were trans-
ferred to standard 80-column IBM cards to be loaded into LUCID, the information
storage and retrieval system used for PSES (see Section III). General for-
matting rules for data to be loaded into a LUCID data base are presented in
Appendix VII.

Editing Routines

The single field number and value method of keypunching (see Appendix VII,
page 141) was used for the PSES data bases and several short computer programs
were written to aid in the edition of the data. These programs made a check
for matching parentheses, missing field numbers and missing entry terminators.

Cards to Magnetic Tape

After all preliminary editing of the data, the cards were prestored on mag-
netic tape. This task was performed on an IBM 1401 computer wh o the data
were stored at a density of 556 bits per inch. (Tniz density is required for
use by the IBM AN/FS Q-32 computer, or. which LUCID operates.) The prestored
tape was printed for use in further editing and then sent tc the Q-32 computer
room at the System Development Corporation facility at Santa Monica, Califor-
nia.

Disc Storage

In the (Q-32, the data on the prestored tape were transferred to disc storage

by the = 0of an on-line editing program. Ffurther udition, where required, was
then . rmed. At that time, the data were real; to e used by L!I'CID (see
Sectior I11).

RECRGANIZATION OF THE DATA PCOL FOR TDMS

System Development Corporation is developing the Time-Shared Data Management
System (TDMS) to operate on the IBM 360 computer (see Section III). Partly
due to recommendations made by Potter et al. (1966) for using TDMS as a
further extension of the research on data handling, and partly as a result of
the PSES tests, the data pool was reorganized into a structure that took
advantage of the increased retrieval capabilities offered by TDMS.

-29-
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Data Organization

Other changes were made as a result of limitatiors discovered in the organi-
zation of the PSES data pool. Use was made of the hierarchical structuring
capability of TDMS. This capability enables the user to qualify and retrieve
data at a finer level of detail. To accomplish this, the computer data ele-
ment previously known as the TASK was eliminated entirely. The name TASK was
retained as the heading or a group of elements that describe the man/machine
action identified {.. the TASK > /ATEMENT. A1} tasks performed within speci-
fied segments of time were grouped in one entry and were identified by the
mission phase, mission segment, and time segment in which they occur. Ap-
pendix VIIT contains the changed cor revised organization and Appendix IX con-
tains the definitions of the revised data elements.

Data Preparation

Only C-5A data were reorganized for TDMS to illustrate the manner in which re-
organization could be conducted. The data were transferred from the original
input forms to a medified input form. Additional reference was made to the
original data sources whenever questions arose about such items as the be-
ginning and ending times of each task. After all data were transferred to

the new forms, they were keypunched. with minor exceptions, in accordance with
the rules presented in Appendix VII. The cards were then prestored on mag-
netic tape which were then ready for processing by TDMS.
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SECTION 111

APPLICATION OF COMPUTER SOFTWARE TECHNIQUES TC STGRAGE AND RETRIEVAL

INTRODUCTION

Research into the application of computerized techniques to the processing

of human factors task data (Potter et al., 1966) led to the establishment of
a number of requirements for a da a handling system (see Section I, pages 4
and 5) and to the conceptualization of such a system. The proposed experi-
mental system was not required to possess all of the characteristics of (he
envisioned operational system, but was required te be similar enough in oper-
ation and capability in the major processing area to permit meaningful evalu-
ation of the technigues used.

The heart of such an experimental system is the information storage and re-
trieval processi..g necessary to organize and maintain data within computer
storage and to retrieve the data in accordance v.ith the requirements. Be-
cause of the research characteristics of the PSES, it was not practical to
develop or use highly specialized information storage and retrieval tech-
niques that could not respond to changes in requirements as research pro-
gressed. Consequently, existing, general purpose data handling techniques
were recommended to provide the information storage and retrieval capability
for the PSES. Twe specific generalized systems were recommended. The first
of these systems is LUCID (Language Used to Communicate Information System
Design) (Robert E. Bleier, System Development Corporation, TM-2624/100/00).
The second and m..¢ advanced system is TDMS (Time-Shared Data Management
System) which is currently under developmert {(Vorhaus and Wills, 1967).

The LUCID system is described in detail in related research dccumentation
(Tulley and Meyer, 1967). Briefly, LUCID is a generalized data management
system developed by System Devebpment Corporation (SDC} under the sponsorship
of the Advanced Research Projects Agency (ARPA). It operates within the time-
shared environment c¢f a large-scale digital computer, the IBM/AN/FSQ-32,
located at the SDC facility in Santa Monica, Califcrnia.

Many elements of LUCID are being refined and expanded into TOMS, also under
development by SDC. Though TDMS is being initiaily designed for the Model
65 IBM S/360 computer, the system can be adapted to increasingly scphisti-
cated versions.

Both LUCID and TDMS provide an off-the-shelf computerized capability for
application to problems that are not necessarily related but that share com-
mon processing requirements. The requirements center sbout the need to organ-
ize, maintain, retrieve, and present large volumes of data. Use of either
system does not require knowledge of computer or programming techniques, and
permits the development of a data handling capability in a minimim of time

and training. This is accomplished without the cost of designing, developing,
implementing, and maintaining a special-purpose system.
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APPLICATICN OF LUCID AND TDMS

The appliication of LUCID and TDMS to the handling of human factors task data
within the frameworks of PSES is viewed from the standpoint of the overall
requirements of the operational data handling system described by Potter et
al. (196s). Of the requirements defined in Section I, pages 4 and 5, those
that relate directly to information storage and retrieval require that the
system:

® Provide for the storage, updating, and retrieval of human factors task data
¢ Accept and output data in a form approaching user-termirology

® Provide a user-criented query language

® Provide a data bank structure flexible enough to al.ow for future expan-
sion and inclusion of additional data elements

¢ Provide a data bank capable of frequent updating

® Be capable of retrieving similar information generated in support of dif-
ferent aerospace systems

® Be capable of selectively retrieving data elements by qualifying them with
other data elements

® Provide the user freedom in specifying the format of outputs
Each of these requirements is considered in the discussicn thau follows.

Storage and Retrieval

The successful application of either LUCID or TDMS to the storage and re-
trieval functions of PSES depends upon adequately defined and organized infor-
mation to be processed. Information selected for PSES consists of a pocl of
operational and maintenance task data generated in support of the ALCC, C-5A,
and >aturn development programs. The general information content of the data
prol is described in the previous section of this report.

Once the data have been defined and an organization established, the infor-
mation must be input to the LUCID or TDMS system. This is accomplished for
both LUCID and TDMS by informing the system of the uniquely identifiable
data elements that are to be contained in the data pool, the rame to be as-
signed to each, the type of information to be contained in each, and the re-
lationships between elements. Once this has been accomplished, the functions
of storing, updating, and retrieving information from the experimental data
pool may be carried out. Complete indexing of data for efficient retrieval
is assured.

Typical data elements established for LUCID identivy: at what point in a mis-
sion a "ask occurs, who performs the task, the length of the task, and the
equipme.t used. Establishment of clements is essentially accomplished by
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determining the key task information for the three systems. Although each of
the systems contains similar overall categories of information (see Appendix II
and the element list, pages 19 & 20), the uniquely identifiable elements needed
to permit satisfactory computer manipulation of the data are not standard
across the three systems. They vary in accordance with the information content
of each system and the level of data available for entry into the experimental
data pool. For this reason and to protect proprietary interests by preserving
file integrity, three separate data bases were established within the experi-
mental data pool--one for -ach system.

LUCID permits the user to move from data base to data base with ease and allows
the user to a;ply the same retrieval techniques to each. Appendix V contains
a list of the data elements used to describe each of the three systems. Ap-
pendix III contains an alphabetized 1ist of elements and their definitions.

Only data from the C-5A system were selected for entry into TDMS, The data
structure for C-5A was modified to take advantage of hierarchical structures
allowed by TDMS. Other changes resulted from evaluation of the LUCID data
structures (see Section II). Appendix VIIIis a list of the C-5A data elements
for TDMS. Appendix IX contains the definition of each of these elements.

User Terminology

Idealiy, the user of a data system should be able to access and receive infor-
mation in his own terminology. Queries that must be phrasecd or computer re-
sponses that must be interpreted throughk the use of handbooks or with the as-
sistance of a systems specialist defeat the purpose ¢~ timely retrieval of
information. For the purpose of the research, user terminology is generally
considered to be the terminology employed by the generators of the task data
entered into computer storage. With the exceptions of the standardization of
the vocabulary used to express various items of information and the conver-
sion of all expressions of time into minutes, the form of data as received

15 not altered before entry into the computer.

For the most part, information required to adequatcly express human perfor-
marce is highly textual in format, e.g., phrases and sentences, and requires
a processing system that can efficiently store and manipulate large volumes
of alphanumeric data. LUCID and TDMS are especiaily efficient in terms of
manipulating this textual information. This enables a user to qualify re-
trieval of information with familiar terminology and to retrieve program-
generated responses in a similar, readily interpretavle format.

User-Oriented Query Language

The purpose (f a user-oriented query language corresponds closely to the ob-
jectives of the preceding discussion on user terminology. The intention of
a user-oriented query language is to enable a user to directiy access tne
data pool without having to consult a systems expert or a detailed handbook
regarding system operations and restrictions. The more closely the query
Tanguage approaches the terminology in which a user normally references his
data, the easier it is for him to use the system.

————




LUCID provides the experimental system with a cuery language that is easy
to use and easy to learn. The vocabulary consists of relatively few commands
and modifiers, which can be combined tc form highly selective requests for
retrieval of information. TOMS provides the same type of language, though
it is slightly more detailed because of the larger number of operations TDMS
can perform. Requests are entered to either system on an on-line keyboard
console, and immediate on-line response is provided by the retrieval program.

When the data elements were established for each of the data bases in the
data pool, each element was assigned a descriptive name that clearly iden-
tified the information to be contained in that element. When formulating
queries, these elements are referenced by name to indicate, to the retrieval
program, the data to be retrieved and the qualifying to be done. A formulated
retrieval request is a readable, self-explanatory statement For example, to

retrieve tasks performed by the navigator during prefiight operations of the
C-5A aircraft the query,

PRINT TASK WHERE (PERSCNNEL TYPE) EQ NAVIGATOR
AND (MISSION PHASE) EQ (PREFLIGHT OPERATIONS)

retrieves from the C-5A data base a 1ist of the tasks. The parentheses in the
query example are required by the LUCID retrieval program to delimit names

of data elements and data values that require more than one word to ex, ~ess.
This restriction does not exist in the TDMS retrieval program. The query
Tanguage for both systems also provides a method of using system-defined
synonyms when formulating retrieval requests. Use of the short synonym names,
usually two or three characters in length, facilitates the entering of what

might otherwise be lengthy retrieval requests through the keyboard of the on-
Tine console.

Date Bank Structure

The requirement to provide an operational capability to add and delete ele-
ments of data from the experimental data pool in response to changing system
requirements is recognized as a very real and difficult problem. Like up-
dating, it requires a sophisticated processing mechanism, as well as a man-
ual control mechanism to assure the proper and timely use of the capability.
Procedures must be provided, for example, to assure that users of the system
are aware that a particular store of data has been restructured. The pro-
blems of restructuring in an operational environment have not been fully ex-
plored during the current research.

Because of the controlled environment in which the PSES is exercised, pro-
cedural control of the restructurirg necessary for the experimental data pool
cduring the course of the research was not a problem. The restructuring pro-
cess i{tself, however, was extremely time-consuming and involved. Even

though it was known at the onset that LUCID did not provide any automated
method of adding, deleting, or rearranging elements of data within the data
pool, the restructuring problems were considered minimai. Some restructiring
occurred as the research progressed and it became apparent that the magnitude
of this effort was clearly underestimated. The procedure that must be fol-
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lowed in order to restructure any or all of the data pool is to redescribe the
data base being restructured and to reenter all data for that data base into
storage in accordanrce with the new structure. In some instances, large vol-
umes of previously prepared input data had to be completely redescribed be-
fore they could be reentered into storage.

TOMS is expected to provide much more flexibility and ease of operation in the
restructuring of data. The ability to add, delete, or modify elements in the
data base will be included in the defining operation of TDMS.

Update

The requirement for updating procedures in an operational data handling sys-
tem has not been explored in depth. Conceivably, updating will be required

on a nearly continuous basis to provide reasonably current information. Large
scale maintenance of data files as opposed to selective on-line updating in-
volving small changes, may be a regular occurrence. Assuming that the re-
quirements for updating can be established for an operational system, the
development of procedures to govern the updating is, in itself, a difficult
task. In an operational data system,it would be necessary to designate in-
dividuals to assume the responsibility for the updating and for deciding how
it should be conducted.

Requirements for updating information within the framework of PSES are more
clearly defined. Because of the unscheduled manner in whichi data are re-
ceived and made available for entry into the data pool, the experimental sys-
tem must be able to add small or large volumes of new aata to the pool. A
provision is also required for the correction of errors that are undetected at
the time the data are entered into storage.

The updating capability of LUCID satisfies the requirements of the experi-
mental system. An on-line ypdating function nermits rapid correction of
errors and handles de=letions and additions of small volumes of data. TOMS
will 2750 praovide an updating capability ~na a larger scale maintenance capa-
bility.

Cross-System Retrieval

One of the primary requirements of an operational data handling system is to
provide the capability of retrieving data from various aerospace systems con-
tained in the data pool. This particular capability requires that adequate
procedures be developed and impnsed cn the data system to assure that pro-
prietary restricticns are respected and that onlyv authorized personnel have
complete cross-system access.

The framework of the experimental data poo! was created so that system data
are arranged and maintained separately, each in its cwn data base. Both the
LUCID and the TDMS retrieval mechanisms permit access to one and only one data
base at a time. This is not considered to be a restriction but rather lends
itself to the operational concept of controlled access to the individual sys-
tem data bases. Since the data pool for the PSES was developed for experi-
mental purposes only, proprietary constraints were not imnosed on the system,
Application of the operational system ~. .. -t would require restrictions on
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the use of the various data bases.

Since LUCID permits access to only one data base at a tine d''ring retrieval,
cross-system queries must be conducted serially. This does not present dif-
; ficulties, provided the user knows which data bases to query. If, for exam-
| ple, preflight tasks across all pertinent systems are to be compared,

f it would be helpful to select uily those systems actually containing pre-

! fiight tasks. It would be mean'ng.2 - to pose nueries to totally unrelated

i bases during the course of retrieving the desired data. . order to facili-
tate cross-system querifes, a special index data base, INDEX, was developed
(see Appendix V ). This data base provides an insight intc the data content
of the system data bases. Queries asked of INDEX usually result ir a Iist-
ing of systems. For example, "What systems contain preflight tasks?" would
provide a list of all qualifying systems. The data bases . n then be queried
on an individual basis for more detailed information.

? TOMS will operate 1ike LUCID, selecting cne data base at a time. While only
C-5A data have been converted to TDMS format, as more systems are added to

\ this data pool, an index data base such as the cne relating to tne LUCID data
pool would be established.

Selective Retrievai

It is essetiai for the user of the operational task data handling system to
be able to adequately express his needs fcr information to the system. This
requires: (1) the ability to qualify retrieval with rertain corneitions, and
(2) the ability to indicate the exact information to be presented after
qualification has taken place. Either or both of these points can be ex-
panded in complexity to permit the retrievai of one or more pieces of data
depending upon the existence of one or more sets of conditions,

% The LUCID system permits users of the experimental system tc qualiiy on and
selectively present information from any and all data categories that exist
i in the data pool. Due to its completely cross-indexed data arrangement, a'l
; data categories can be qualified upon or ret ieved for output purposes with
relatively equal processing. In addition, AND/GR logic can te used to com-
bine yualifying eapressions. A complete set of relational operators {equal
to, not equal to, greater than) and limited mathemzt cal operators {sum,
maximum, minimum) are available,

TOMS aliows the same options as LUCID with the addition of certain mathe-
i matical operators such as exponentiation, multiplication, division, and
i negation. Although retrieval can be selectively accomplished con the basis of
data contained in any and ail dats categories defined within the framework of
the experimental data pool, a problem exists regarding selectivity. The
problem is not directly related to the retrieval cabability of LU{ID, but
rather tc the content and organization of the LUCID data pool itselt. In
order to expedite the preparation of data for entry into the data opcol, ths
finer levels of human performance were treated as groups of actions necessary
to perform given tasks ratner than treated as indivicual actions. The result
{s that some degree of selectivity fs lost by the inabi'ity to gquaiify on




these individual actions. The actions can be retrieved as a group, but not §
individually, Tnis limit>*ion has been removed in the data base for TOMS, :
Information here may be ‘ieved to the level of in“‘ividual action.

User Controlled Qutput Format

The operational task data handling system is irtended to be of use to per-
sonnel representing a variety of disciplines and “kiils. [t is desirable
that each of these individuals or groups be able ) control the format of
retrieved data in order to satisfy their own © rticular output requirements.
A sophisticated user-controlled output cepabiiity znabtles retrieved data to
be arranged in the form of finished reports, summaries, etc., that would
ideally contain titles, headings, page numbering, variable spacing and line
control, security classificaioons and so forth.

The LUCID system does nct provide an elgborate formatting capability. The '
limited capability tnat it does provide, however, is considered tc be ade-

quate for the purposes of the PSES. The normal LUCID output format consists

of ore ¢~ more lines of retrieved data printed on the teletype, with infor-

mation continuing from line to line. An optional blocked format is &i:: pro-

vided that generates blocked, tabular output, including headings. [+ de-

sired. retrieval informati_ n can be writter on magnetic tape for of‘-line

printing rather than direct teletype printing.

TOMS contains a more scphisticated formatting capability allowing the user to
specify number cof lines of uninterrupted output, spacing, level of data to be
retrieved, and angled, columnar, or unblocked output.

GULDES FOR PSES

There 1s a need for some tool to instruct and assist potential users in the
operaticn of the PSES.  Such a tool must contain all instructic~s necessary
for the coperatign of the computer programs that comprise PSES. An attempt
to meet this noed has been made by . .« preparaticn of both user's and a
controlier's operating guide {Reardon, 1968}.

instructions for both guides cover the following areas:

* Qperation of remote terminals i
¢ Esitblishing communication wth each of the computer programs of PSES
Formulating user “nnuts to each of the computer prourams

¢ Interpreting output from each orogram

*  Recovery procedyres to be taken wvhen either user or program errers occur
during program operdtians

25 provige instruction for the oper-
c.

Both the yser’s and the controiler’  Qui
ation of the fol.owing software componen

O




L et s

v Time- Sharingfavstew -~ Instructions are given for esta511sh1ng und miain-
taining communication with the Time-Sharing System via a teletype console.

s Querying the Data Base -- Instructions are given for datza retrieval and
data manipulation.

; . rurrent Awiareness -- Instructions are qiven for estahlishing a user profile
‘ indicating data interests and for matching the profiie against new or modi-
fied data entering the systiem.

In soditior to the acove areas, the user's guide contains a section describ-
ing the PSES data pool. This des-ription lists the data elements for each
data dase, defines each data element and describes the structure of each data
base,

The contrgiier’s guice contains, in addition, instructions in the follewing:

¢ Describing the Data Base -- Instructions are given for establishing a
description of a new gata base.

e Loading the Data Base -- instructions are given for icading data into a
new data base.

¢ Updating the Data Base -- Instructiens are giver for both small scale on-
Tine updating and for the updating of Targe volumes of data.

| goth guides are tabbed for easy use, rain many illustrative examples, and,
: where applicabie, contain actual sam, : of input and output opnosite these
examples.

SFCURITY AND PRIVACY

The problems of controlling classified and preoprietary information have not
arisen in the PSED. Hovever, these probiems would be a source of concern to
everyone involved in an operational system. For this discussion, *he term
"security” will be used to refer to the storage, maintaining, retrieval, and
wransmission of Department of Defense classified data in an operational data
handling system. "Privacy" refers to similar handling of data which a con-
tractor or the government may wish to protect from the unauthorized observa-
§ ; ticn of other contractors or users. For both categories of information, di-
5 ' vulgence could cause serious or grave damage, either to the country or to

X private contractors.

In an operational data system, both classified and private 4ata are to be
handled in the same system; therefore, protection of both types of data
must be handled similarly. Steps must be taken to establish, maintein, and
X protect the desired security and privacy level in the following areas:

» Physical

®  Personnel
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* (Comrunications
®*  Software

Regulaticns for personnel and physical security are well established by the
Naticnai Security Agency.

Both th: security and privacy requirements demand secure communication cir-
cuits.  Various devices exist to provide secure lines of communication be-
twzen remote terminals and the computer. Cryptoyraphic equipment is avail-
able to safeguard against the accidental or surreptitious divuigence of
information. Detailed information on such protecticn can be obtained from
the National Security Agency if a need for such information can be estab-
Tished, e.g., a military contractor who has an authorized need to know.

T addition to providing for control in the areas of shysical, personnel,
and communications security, the foliowing principles should be observed to
obtain security and privacy with software:

¢ The computer must operate under a monitor approved by appropriate authority.

The monitor acts as the overall guard of the system, and prevents access
to sensitive information by unauthorized users and operators.

¢ The computer must have adequate memory safeguards and privileged instruc-
tions. These are needed to limit user programs that might be damaging to
another useir's prograus.

® The computer must have appropriate physical security to prevent local
override of the monitor.

¢ A1l significant events (equipment malfunctions, unauthorized usage, inter-

ference, communications breaks or changes) shouid be recorded by the
computer and the operating personnel.

® Operating personnel must be cleared to the appropriate levcls.
® Every user must be subject to common discipline and authority.
When an operating system involving classified and private data is to be es-

tabiished, detailea investigation :nto these areas will take place and the
resuits of such an investigation will be implemented.
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SECTION IV

CURRENT AWARENESS

INTRODUCTION

One of the requirements cf an operational data handling system (Section I,
page 4 ) is that such a system must provide for current awareness notifica-
tions to qualified users. Notifications would enable the user of the system
to remain aware of the current status of data of interest to him without
havine to continuously query the data bhase.

A current awareness function notifies the user whenever data of particular
interest to him are modified or when new data in his area of interest are
entered into the system data pool. Areas of interest are expressed by con-
irolled word lists or profiles. The profiles are automatically compared
with incoming data and, if faversble matches occur, notifications are auto-
matically generated. Notifications contain only that information necessary
to urovide A user wiih the 2s3sential elements of the data input to storage.
I¥ 2 user i: interested in obtaining more information than is provided by a
notification, the retrieval function of the system is used tc obtain the new
data.

A current awareness capability was deveioped for PSES to illustrate the
overall concept as visualized within the framework of an operational data
handling system. The current awareness techniques thus developed consist
of two computer programs. One program is responsible ror building profiles.
The other pertcrms the matching operation hetween these profiles and data

to be entered intu the data pool and generates notifications as appropriate.
Both of these programs operate within the time-shared evnironment of the
AN/FSQ-32 computer.

PROFILE BUILDING

Development of user profiles is accomplished by program BUILD (see Appendix X).
BUILD accepts, as input, data values associated with select data categories.
These values indicate the areas in which a user is interested. Interest can be
expressed at broad or narrow levels, depending upon the values supplied for the
various elements.

Because the matching process compares profiles with data being entered into
the data pool, categories used to express profiles are identical to the ele-
ments used to define an entry within the data pcol as described in Appendix X.
The categories used for profile development are:

SYSTEM (Indicated data base to be used)

MISSION PHASE

MISSION SEGMENT

FUNCTION

PERSONNEL TYPE (AFSC and NASA personnel designators)
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Profilas are developed in a conversaticnal mode from a remote console, BUILD
provides options to the usar and the user supplies appropriate responses along
with the actual data values that are %o be used for comparison during the
matching process. It is not necessary to use all categories when developing

2 profile, but ail data values supplied for MISSION PHASE, MISSION SEGMENT,
and FUNCTION must exist in the corresponding elements of entries being entered
into storage before notifications will be generated. For the categories
PERSONKEL TYPE and MARDWARE INFORMATION, BUILD accepts multiple values, any
one of which may match and cause a notification, provided that favorable
matches occur in the other categories as well. Thus, as in the first profile
in figure 10, both hardware items, "throttles" and rudder", are listed as
being of interest. Any entry in which either or both of these items of hard-
ware are used is considered acceptable, if all other qualifications for the
other categories are favorable. The output of BUILD is a sepa.~* .:ie of
information for each profile, each identified by a user-assigned name.

Figure 10 iilustrates a typical run of program BUILD as controiled at an on-
line teletype terminal.

PROFILE MATCHING

Profile matching is accomplished by program MATCH. The program is operated
from an on-1ine console and accepts as input the names of the profiles that
are to be processed. The profiles are located in storage and compared, in
turn, with a predefined block of task data slated for entry into the data
pool. Matching consists of comparing values specified in the profiles by
category with values contained in the same elements for each entry of the
olock of input data. For each entry that mecis the specifications of the
user's profile, a notification is generated on-line.

Notifications include the folliowing information:
® The system with which a qualifying task is associated
® The name of the task

® An entry number for the task (Each entry is manually assigned a unique
number as it is prepared for entry into the data pool. The number can
be nsed @s an identifier to obtain more infcrmation regarding the entry by
use of the normal retrieval function of the PSES.)

® The type of entry (new or modified) ("New" impiies that the task is being
entered into the data pool for the first time. "Modified" implies that
the task already exists in the data pool and is being replaced as a result
of a modification. Information about the nature of the modification is
briefly outlined in the netification.)

Figure 11 illustrates a typical run of the program as controlled at an on-line
teletype termina)., Three notifications are shown.
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ENTER PROFILE NAME
PROFL1

LIMIT SYSTEM?
YES

ENTER SYSTEM
C-24

LIMIT MISSION?
YES

ENTER PHASE
PREFLIGHT OPERATIONS

ENTER SEGMENT
TAXT

LIMIT FUNCTION?
NO

LIMIT HARDWARE?
YES

NAME #1=THROTTLES
NAME #2=RUDDER
NAME #3=END

LIMIT FERSONNEL?
YES

CODE #1=1055%
COLE #2~END

PROFILE COMPLETED,
ANOTHER PRCFILE?

YES

(a)

(Underlined words are sample user entries; all others are program generated)

ENTER PROFILE NAME
ROFL2

LIMIT SYSTEM?
Y8

ENTER SYSTEM
C-SA

LIMIT MISSION?
YES

ENTER PHASE
FLIGHT OPERATICNS

ENTER SEGMENZ
KONE

LIMIT FUNCTION?
NO

LI IT HARDWARE?
NO

LIMIT PERSONNEL?
YES

COTE #1=605T0
CODE #.=5ND

FROFILE COMPLETED,
ANOTHER PROFILE?
NO

{b)

Figure 10.

On-Line Development 0f User Profiles
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ENTER PROFILE NAME
PRO: L1

STANTBY
RO MATCH

ERTTR PROFILE NAME
PROFL2

STANDEY

‘w.,_‘ﬂ«y_—‘

1) SYSTEM - C-54;
ENTRY # 200,

2) SYSTEM - C-5A;
ENTRY # 205;

3) SYSTRM - C-5A;
ENTRY # 218,

MATCH CONCLUDED

TaSK
TYPE

TAST
TYPE

TASK
TYPE

SET ALTIMETERS
NEW ENTRY

PERFORM 10,000' CHECK
MODIFIED ENTRY - LOADMASTER INCLUDED IN TASK

COMPLETE CRUISE CHECKLIST
NEW ENTRY

(Underlined words are sample user entries; all others are program generated)

Figure 11.

On-Line Generation Of User Notifications
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"COMMENDATIONS

Certain steps remain to be taken to provide a more useful current awareness
capability.

Investigation should be conducted to determine the categories of data the
majority of users wish to use in specifying data of interest. The inves-
tigation could be conducted either by questionnaire or personal interviews
with potential syste~ u~2rs. The profile-building program can then be fur-
ther developed to refle :t t..ese user-interest areas.

The profile-matching program should be modif ed, allowing the user to specify
either ~n-line or off-line modifications.

Procedures governing the operation of the current awareness function should be
integrated with those for .ie periodic updating of the data pool. Since the
current awarenes: function operites on data to be entered into the data pool,
its ope-ation st .u” . take place in the same time pericd the updating is per-
formed,
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SECTION V
VOCABULARY STANDARDIZATIGN AND THESAURUS DEVELNPMENT

INTRODUCTION

The establishment of methods and techniques for controlling vocabulary is a
necessary function of any computer-based retrieval system. The standard-
ization of vocabulary is but one part of the overall research that is based
on th assumption that a user-oriented computerized data handling system
will nelp draw human factors specialists and others involved in system
deveiopment programs closer to needed data.

Human factors task data generated in support of the ALCC, C-5A, and Saturn
programs were used to generate the experimental data pool. To keep term
proli€eration to a minimum while establishing the data base content, a means
was sodght to maintain adequate control over the vocabulary. One of the
most used tools for vocabulary control is the thesaurus. It is designed
pecifically to alleviate term proliferation through synonym control. The
thesaurus allows the data user to assign terms freely, but establishes
acceptable terms to facilitate retrieval. These terms are used as descrip-
tor- when retrieving data from computer storage. (An acceptable term is
ne at is assigned as precise a definition as the character of the word
permit An authorized synonym is a term having a meaning identical to or
very si ilar to a particular acceptable term.) Care must be taken to select
synonyms that are synonymous with only one acceptable term,

Two relate ' functions of a controlled vocabulary are to avoid indexing iden-
tical terms of information under different descriptors and to assure that

all information retrieved under a given description is related. When these
functions are rot fulfilled, available data are denied the user and unwanted
nformatia is retrieved. The more related the meanings between descriptors,
{'e greate: the care that must be taken to assure that the data are properly
inde - ad,

THESA S DEVE! PMENT

A detailed discunsion of the methodoloqy and developmental process that led
to the velopmen* of a human factors thesauru. was reported in 0ller (1968).
In it; presont fora, the thesaurus consists of a glossary of verbs and nouns,
rules governing the use of grammatical categories, and indexes designed to
assist tre user in aking an appropriate choice of terms. For any classifi-
ration scheme to function successfully, all qualifying terms must be clearly
agefined arn i all terms wust be mutually exclusive, Without this clarity, the
indexers ~i11 be confused about where to file an item of information or a
related ser‘es of information. A conirolled vocabulary is mperative for
task data hases “ecause tney cover a wide range of subject matter and po-

tential userc have diverse backgrounds and different information requirements.

Tne contro.te.! vocabulary must be general but at th= same time provide the
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capability of expressing a wide range of concepts. Basically, the controiled
vocabuiary provides the user with predete.mined series of defined terms to
describe the items in the data base. By providirg the user with standardized
terms for which the meaning is clearly understood, loose and inconsistent use
of terms _an be eliminated. The controlled vocabulary reduces tne problem
caused by synonyms and muitiple meanings for a single term by assigning only
one acceptable term for each concept. A cross-reference index of accejtable
terms is provided to aid the user in selecting proper terms if assistance ir
required when requesting data. A glossary, containing all descriptors, i<
included as part of the controlled vocabulary. The definitions of all de-
scriptors are controlled by the gloasary. Both the cross-reference index and
the glossary are arranged alphabetically and are separated into grammatical
categories. Cross-reference indexes of acceptable terms and their synanyms
are included in the thesaurus to assist the users in selecting a proper de-
scriptor when there is uncertainty regarding the acceptability of a term under
consideration. Accompanying the controlled vocabulary is a set of rules that
govern usage of various grammatical categories and punctuation. The vocabu-
lary and rules for usage have applicability beyond t! - expe:‘mental data pool
and should, with minor modifications, be applicablie to most dat. poels con-
taining aerospace system human factors task data.

The individual compcnents of the thesaurus are examined and the developmental
worx is described in the paragraphs *hat follow. Computer assisted capabili-
ties for tnesaurus control are also discussed in terms of constraints of the

Time-Shared Data Management System (see Sect..n I11).

Action Yerbs

To develop a -ontrolled vecabulary capable of adequately expressing task state-
ments in 3 precise, distinct, and unamdbiguous manner, it was negsssary to ap-
ply effective controi measures on acticn verbs. Action verbs express a par-
ticular form of action, e.g., "operate", "monitor", and "rotate . as opposed

to verbs that express only states of being and the grammatical conditions of
number, person, and tense, e.g., "is", "am", "are", 'was”, and "were". [t ic
imperative to control action verbs since they express the actior in task
statements. The lack of standardization bewween svstems and inconsistencies
within systems in the use of action verbs was found to be so extreme that it
was frequently necessary to rely on the context in which verbs 2cpeared fn
clarify their meaing. Often, human actions v re exnressed by verbals {forms
of verbs that function as nouns or adjectives) rather than by verhs  lack

of standardization presents difficulties in the extraction of data for non-
automated systems, but are intolerable in a computerized fact retrieval svs-
tem where the need to qualify on individual descriptors is a basic requirement.

Listed below are the seguential steps taken in the development of a controlled
vocabulary of acticn verbs:

(1) The initial step was to extract all action verbs {incl. iing verbals® that
app- 1red in the data for ALCC and tc record the frequency of occurrence
of each.

(2) Based on the fregquency of usage, a tentative judgement was wade of which
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(3

(10)

verbs were synonymnous.,

To xeep the verb list within manageable limits, certain types of action
verbs were excluded. These exclusions did not limit the types of actions
that can be expressed. Specialized verbs were eliminated because the
same concept can be expressed adequately and succinctly by a generalized
verd plus the noun form of the specialized verb. Ffor exampie, "chock
(specialized verb) wheels”, can be expressed by "place (generalized verb)
chock in front of wheels". No verbs with the prefix "un" were allowed,
e.9., ‘unscrew’. The same concept can be expressed by phrases such as,
"remove screw'. Compound verbs formed from a noun or adjective were also
excluded. This type of verb is generaliy hyphenated, e.g., quick-freeze
or force-fed.

A tentative selection of acceptable action verbs was made on .ne basis
of the highest frequency of occurrence.

A tentative seiection was made of tarms thai were at least partial syn-
onyms to one or more of the previously selected acceptable terms. These
were retaired in the synonyn list, tne others were discarded,

Acceptable action verbs were carefully defined to reflect their most
prevalent usage in task statements,

A decision was made o express ali action verbs in the present tense,
indicative mood. The present tense was chosen because it is used to
make statements that zre generally true, without reference to time. The
indicative mood was chosen because this is the usual form of an action
verb in .ertences or clazses that cresent facts or make statements.
(Subsequent evaluation proved that all actions occurring in the task
statements could be satisfactorily expressed in this marner.)

The definitions of the acceptable verbs were examined (item &, above)

to insure that no acceptable verb was a syrnonym of another. This pro-
cess was conducted to eliminai= possible oversights that cold re<:lt

in acceptable verb redundancies.

Additional synonyms that were not in the task statements, but which are
in common use, weve added. Thece terms were cbtained from specialized
glossaries of terms and from standard dictiona-ies.

After the acceptable action verb: and their synonyms were st ndar”irzed
for ALCC data, the list was applied to (C-5A data. Necessary additions
and modifications were made to satistactorily sxpress 2 wider range of
task statesents. The second system required only an 8 to 10% change
{mainly additicns} to the oricira! 1ist. These changes allowed the vorbe
to satisfactorily express all acticns contained in the task Sstatements,
Aftor the verb Tist vas standardized for *two of the systems, it wes
applied *. the Saturn data. A change of less than %t «3s reguired to
adequately express all action contained in the Saturn task statements.
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verbs, such a "Fire”, "rarge", and "track” would need to be added.

A ¢ross-reference index of action verbs and their autherized synonyms was
developed to assist the user in gquickly determining whether an acticn verd
und ~ ¢onsideration is an acceptabie term or an authorized synonym., Once an
acceptable term is selected, reference must be made to the giossary for the
precise meaning of the term. If the selecte term does not provide the mean-
ing desired, the user may refer back to the index or examine the glossary
directly to locate an appropriate term. The cross-reference index of verbs
{accepted and synonyms) is arranged alphabetically. Acceptable verbs were
designated by the letters "AT" and synonyms by the letter "S". Acceptable terms
having synonyms were listed opposite the synonym. This form provides quick
reference to acceptable terms. 25 iilustrated:

Finish {S)----vemenmaunn R TR Complete (AT)
Fiy (AT)

Follow {AT)

Curnish {S)-rmmeommmcmm e os Provide {AT)

r
i

kL second index contains all acceptable action verbs having synonyms. The 1ist
was arranged alphabetically by acceptable verbs with the synonyms Jisted di-
rectly below the acceptable verbs, as:

Check AT
Acknowledge
Confirm
Verify

Ciose A
Seal
Shut

LV e B I S I Vg

This 1ist provides a quick reference to acceptable verbs having synonyms.
Nouns

The ncuns in the glossary were drawn from task statements by the same method
used to compile tne initiai list of action verbs. Since the nouns were

drawn from task statements, they were not restricted to hardware identifiers.
They encompass a wide range of persons, places, things, qualities, a. “'n,
and ideas. To give the list greater applicability over a wider range - r
aerospace systems, system-specific terms were exciuded. A glossary of system-
specific nouns was recommended to insure the understanding of such terms.
There were two primary reasons for compiling glossaries of acceptable nouns:
{1) to provide the user with a convenient source for determining the meanings
of nouns ne is uncertain of, and (2) to assist the indexer in selecting the
proper term for indexing an item of data. It also acts as a control device
against the proliferation of synonyms.
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the exceptions rather than the rule, In contrast to the generalized meaning -
of action verbs, the meanings of most nounz are specific to aerospace systems,
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Abbreviatiouns

A list of abbreviations was compiled by extracting all of the abbreviations,
including acronyms, occurring in the three systems composing the experimental s
data pool. Many of the abbreviations contained in the list are not in stan- i
dardized jists of atbreviations, since they often represent a convenient

shorthand used by data generators. Care was exercised in assigning meaning

to abbroviations because many had multiple meanings. The list rrovides the

user with a reference to the acceptabie meaning of the acbrevi. . 2d terms.

Most of the abbreviations should be eliminated and replaced by the full terms.
Abbreviations result in far more confusion to the user than can be iustified

by the shorter form of expression. The only abbreviations that might be re-

tained are those whose most frequent meanings are aiready standardized, e.g.,

"CPS" for "cycles per second”, or when tne meaning is known to a large seg-

ment of the user population, e.q., "IFF/SIF" for "ldentification Friend or

Foe/Selective Identification Feature.’

Punctuation

Due to the special meanings assigned to punctuation marks by the computer
programs, it is necessary to keep their use to a minimum in or surrounding the
descriptor. 1t is necessary te enclose compound nouns, such as "pulse am-
plitude modulation” or "rotary switch" in parentheses (or similar techniques)
50 the program will recognize them as single descriptors.

Pronouns

Pronouns are prohibited. Pronouns are words that represent a person or thing
or idea withou* naming it. Normally the meaning of a pronoun is completed by
referring to a noun (called an antecedent) that names the person, thing or
idea previouslv used. Tnis form of identification in a fact retrieval system
is Undlue, """ ' 97" ge e viuer L8duL Le L wilien wiie o T el leved
cannot be predetermined. Therefore, the computer canrct know what the ante-
cedent of a pronoun is.

Adjectives

Although adjectives were not eliminated, they were relegated to a position of
Tittle significance. Little need exists for words that make the mcinings of
nouns more precise because the nouns are alreidy precisely defined. Also,
compound terms such as "around support equipment” are considered as single
nouns, instead of two adjectives "ground" and "support" modifying the noun
"equipment". This convention was adopted so that ccmpound nouns would be
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Since the action verbs are precisely defined, there is no need for woras that
modify verbs. Adverbs may appear incidentally in the context of retrieved
data, but will never be used as gualifiers for requesting date from Zomputer
storage.

The research work associated with the development of the human factors data
thecaurus has revealed that it is possible to partially automate thesaurus
functions within the constraints of TDMS (see Section II11). A computer
assisted capability for thesaurus control would provide the user with useful
assistance when making recuests by redu~ing the amount and freguency of
reference to the hard copy thesaurus. The vocabutary of acceptable terms,
their definitions, authorized synonyins, and rules for usage would be in com-
putery Lilorage, A discussion of the proposed system and the raticnalization
for its structure follows.

® Acceptable Verbs
ATT verbs and their ¢ ‘ociated definitions are -tored in the compuier. Tho
capability exists to retrieve only the acceptable verb or both the accept-
able verb and its associated definition. Depending on the type of request,
ore term or the entire glossary of action verbe can be retrieved.

¢ Authorized Synonyms for Action Verbs
The cross-reference file of synonyms and acceptable terms is orcanized so
that, depending on the reguest, any one part or all can bo retrieved from
computer ctoragc. When a user is uncertain if a particular action verb
under consideration is an acceptable term, he requests the answer from
the computer. If the term under consideration is an acceptable term or
authorized synonym, the acceptable term and its definition are printed out.
The definition is included so the user can make certain that the concept
is the one he i, iceuca to express. This feature 15 necessary because,
in common usage, the same word may have szveral meanings and may be a
synonym for several term~. [If the term under consideration is rut an
authorized synonym for an acceptable termm, the printout will so indicate,
The user must then make additional requests nsing words he considers
synonyms for the original term to locate the desired term. Or, he may
speed up the process by referencing the cross-reference index of action
verbs for an indication of an acceptable term. If both methods fa1l, the
user ther examines a copy of the glossary of accepiable verbs to locate the
appropriate action verb.

® Rules Regulating Action Verbs

The mandatory and recommended rules governing the usage of action verbs are




Lo L [ArEa

v AT L ke . oo [ A e e whien

T

. eE e o data trar tne campgioe Wl sec v ar arrae nolby.
LR T s iy p,QTT*"g_‘Za' vt g suhtask were !’)91!‘;; LRAIVE to the (,.Ofﬂ{)uter, ang
rhe fiegt oword wat ot oar acceptabie verb norhe gre nt tense, was mis-
spell s, had an s oon the end, or was a gerund, L 2 input would be re-

iecte. ang an error mescage enerated, indicating * e first word was not :
ar. acceptable term. 0On the other hand, if the first .. »d of a subtask :
was an accentable term, but not an appropriate term for expre<sing tne

action described, the program would be unable to detect trie rrar. Irrors

of this nature nust be detected manualiy. If an 2dditional acceptable

action verb, authnrized synonym, or invalid synonym were to appear within

the contex® of the subtask statement, it would go undetected by the pro-

“ram Since it recognizes only the first word in 2 task or subtask state-

ment to be an action verb. The actions described by verhks appearing with-

iri the context of the statement are lost since they cannot be selectively

retrieved. This type of error also reguires manual detection for correc-

tive action,
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A capability must exist to either retrieve the acceptable nouns separately,
or with their associated definition. Depending on the tvpe of reauest,

single terms, or the entire glossary of acceptable rouns must be retriev-
able.

When a new noun not having ar authorized svronym cccurs in the data to be
indexed, it can be added, with approval b, .he information specialist or
some other responsible person. [n order for a ne. noun to be added to the
glossary of acceptable nouns, it must first be adequately defined.

¢ (ross-Reference [ndex of Acceptable Nouns
The index of accentable nouns and their authorized synonyis is structured
s0 that any one part or all can be retrieved. If a user is uncertain
whether a given noun is an a~ceptabie term, he can query the computer for
the answer. Assuming the noun to be either an acceptabie noun or an
authorized synonym, the acceptable noun and its definition are retrieved.
The definition is included so the user can determine if the noun expres-
ses the desired concept. [f the term under consideration is neither an
acceptable term or authorized synonym, the computer generates an error
messaae or similar response. The user may then chonse t¢ make additional
requests using terms he considers syncnyms tor *=- origiral term. to
s - the proper aceeptable term. 1f both of tnese approaches fail, the
user must examine the glossary of nouns to locate the desired term.

® Rules Requlating Acceptable Nouns
The ruTes governing the usage of acceptable ncuns must be organized so that,
depending on the type of request, the user can retrieve any one or all of
the rules.

¢ Pronouns
Tnasmuch as pronouns are prohibitea, their ina‘vertent use will either re-
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Sath o oar errar menage or goourdetected by the computer programs.  For

ExaTfie, ar esror messane 15 qenerated 1 2 uyser inputs the pronoun "he"

whe~ requesting data o a task performed by the pilot. Tue error message
indicates that this term 15 not a valid descriptor, because i: is neither
an acceptable noun or an authorized synonym.

Adjectives
§¥esent!y, there is no need for automated assistance ir handling adjectives,
since they are rot used as qualifiers cduring retrieva®. This condition may

change with the application of faceted classification. Ir this classifi-
cation scheme, attributes are one _° the facets or fundamental points of
classification {see Secticn V1). Adjectives such as "simultaneous” and
"synthetic" may be used to express common attributes. If automated as-
sistance for handling adjectives becomes necessary, it should take the
same form used for action verbs and nours.

Adverbds

THS > 1< no need for either glossary or rules govs.uing adverbs since they
are n.t recognized by the programs. If an adverb is inadvertently used as
2 qualifier, an error message is generated indicating that the term is an
invaiid syncnym.

Abbreviations o
The acceptabie abbreviations and their meanings must be organized so that
any one or all can be retrieved.

Rules Regulating Abbreviations

When an unautnorized abbraviation 1s used, the printout must indicate tnat
the abbraviation is invaiid. he user must then apply the urabbreviated
term because no synonyms for abbreviations exist. "n all instanui», the
full term can be used, even when an authorized abbreviation exists.

Nomenclature Codes

A capabiTity muct exist to retrieve any one or all nomenclature codes from
the computer storage, depending on the iype of request made. This allows
the user to request hardwcore data by name or by any appropriate designator,
such as a federal stock nu her, AN designator for electronic equipment,

or Departmen. of D2fense uniform designation for missiles, rockets, and
afrcraft. 1t is also possihles fn reanect the appropriate desigrators for
given units of eogquipment. [If - user requests data on a unit of equipment
Ly 3 hirdware code and reccives a reply that no such rumber exists, hc

then guests the data by the equipment name.

Rulec Reailating Dor-éyasicn “
The organization of the file must be such that any one ar all of the rules

can be retrieved, depending upon the type of request made. Mistakes in

punctuation can result in serious errors, but these are usually determined

manually, It is necessary to enclose compound nouns n parentheses (or

similar technique) so the computer can recognize them as single descriptors. S
Failure to use parentheses can result in errors and still be legal. for Ve
examle, when data on "Doppler radar" is requested and the term is not :
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enclosed in parentheses, da*a oo ail tvpes of radars are recoversd because
radar is a valid descriptor . itself, whe=o 5 "Jupprer” is not. If terms,
such as "estimated time 7 arrival” are not enclosed in parentheses, the
reguest is vejected and an error message generated indicating an invalid
teym.,  This is because nnne nf the fnir words in the Cowmpound term are
themselves vaiid descriptors. Manual quality control must be exercised
when loading the data base, because the failure to enclose a compound

term like "Doppier radar" in parentheses results in the partial loss of

the data.

SUMHARY

The activities that led to the development of vocabulary controis for the FSES
and assuciated research are summarized below:

Glossary of precisely defined action verbs--This glossary contains approx-
imately 130 generalized action vebs, which express human actions in
aerospace systems. Most of these terms are sufficiently ceneral in nature
that they can be apgplied to task statements regardless of the type of
system.

Glossary of non-system specific nouns--This glossary containrs approximately

300 nouns used as descriptors for the three aerospace systems that compose
the experimental dats wool for the PSES. The glassary, because of its
non-system specific nature, is capable of forming the nucleus for a glos-
sary of nouns for ausy aerospace system.

Rules requlating selection and use of action verbs--A detailed list of
mandatory and recommende " rules was developed for the selection, use, and
modification of ~ntion verbs. These rules are used to minimize the in-
consistencies in the meaning of action verbs and to reduce the loss of
data in the retrieval process. They also alluw action verbs to reflect
common meanin~<, while eliminating, as far as possible, the inclusion of
jargon.

Ruics regulating selection and use ot nouns--These rules and guideiines are
not as detailed or as rumerous as those for verbs because of the greater
simplicity in regulating the usage of nouns.

Rules pertaining to cther grammatical categories, punctuation, nomenclature

and abbreviations--These rules are brief. Grammar, punctuation, nomen-
clature, and abbreviations are simple to requlate and are of less impor-
tance than those governing the use of action verbs and nouns.

Review of contrelled vacahularies and rylec for ysage--The controlied
vocabularies of action verbs and rules for usage were reviewed by human
factors personnel, grammarians, lexicographers, as weil as data generators
and potential users. Consideratior was given to their comments.

Moditiars--It was determined that no need existed at this time for glos-
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saries of o frerc. There may he 3 reed forog
for a faceted classificatior scheme e
used in the exprescion of attributes 25

because they are not usea as descriptors.

Automation of thesaurus functions--The prohlem ot automating *he contr-iled

vocabuTary and rules for usage was examined. [t was concluded that .t is
possible to partially automate the thesaurus functione.
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SECTION Vi

TASK DATA CLASSIFICATION TZCHNIQUES

INTRGDUCTION

“otter et (1, (1966) reviewnd existing classification schemes having noten-
tial uses, at least in par., for classifying human factors task data. Alpha-
betical index:ng, use of links ard rcles, various forms of subject headings
and key term inde 2s were examined, but anaiysis Showed that these methuds
did not satisfy the reauyirements for handling multiple system task data on a
factual level. These classification systems were rejected for the following
reasons

®* They were limited in scope and would be ineffective for handling a widle
range of human factorc task data.

®* They were oriented towards single systems and would be difficult *to adapt
tor use with myltiple system data,

® ne techniques were document-specific and not readily adaptable to handling
detailed factusl data.

®* They were oo cumplex or theoretical to be used by a computer system,

{
Togical data framework, hierarchically arranged. The data elements {see
Section 11} constitute a systematic breakdown of the system mission, and in-
clude the vorqo"nn1—1vvolvej task descriptions, task times, hardware. etc.
The yser is provided with a gereralized capability to retrieve specific data
or class-redated data, but canrat retrieve functional relationships between
data Tiems. Nat only is there 1o way in the PSES to identify functioral re-
Tationships, but there is no way of er*ering this type of information into
the experimental data pool,

The data classification technigues developed for the PSES were based or a
116

Singe the classification schemw applied to PSES cannot be used to identify
functional relationsnipng, other types were exarined, ameng them faceted
classification

Faceted classtfrcation 15 a method for expressing functional relationships
prigting hetween the ‘ata items 1n a task staterment. [t also can provide
information on the effects that gyver charges ta data have on rejated series
~f dakd. Tt oprovides informatiorn on alternatives that are avaiiable to
ractify canflicts arising from proposed changes to data. [n addition to
aiding ysers by proyviding: a capahiiity to nandle functional relationships, it
also will assist the information specialists (develops cla..ification) and
the 1ndexes indexes tormcl The information siecialists is assisted in
argarisong 3 da*a hase by maximizing useful reloticasniiy between terms.  “he
indexer 15 alse assisted because the indexing terms are grouped into Jlearty
defined concep\ual aroupings that are arranged in aeneric hierarchical order.
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PRINCIPLES OF FACETED (L8SSITICATION

This discussion presents the general principies ot facet aralyvsis and clas
sification and how it differs from existing data classification systems that
Fandle human factors task data. A working definiticn of fareted ¢laccifi.
cation is. A faceted classification system is basically ome 1. which descrip-
tors* ngrgfoupea by conceptual categories and crdered to show their ger ~ic
r~T’V1on<11ps The system is constructed sc that concepts are free *0 com-

bine with one another to express more complex cor-epis. This cortrasts with
enumerative systems in which ¢ Jcepts are ofte  ted to other terws. In

this situatinn it may be necessary to examine 7 1y classes to fing one
which the desired concept is asscciated with the subiect being analyzed.

Typically, (lassification svstems start with the most general leve! of infor-
mation in a given universe of data. The information 1s divided ard subdi-

vided until a large classification tree is ~onstructed. (Figure 10 is ar exaw-

ple of this technique applied to simplified aerospace system data catecories.)

Within thi< framework, each data item must be Tocated at a single position in

the struct re, This type of rlassification Ieads to riaidly arouped cate-
gories of data in the network. Wwhen starting from the most general level of
information, data are divided into many classes and subdivisiors, e ., uenus
and species. Lfach subject 1s divided only one way, that is, all subdivisiung
of a class reiute cnly *o that ciass. In all _19<<if1ca*iuv Sv%tem; there
are logical divisions, but all divisions are not alwavs logical., The *ol-
lowing example Y3 a series of ficets in which a cormon form of humar hehav-
ior can be sorced: ethyi aiccrol is a xind of chemical substance, Toauid s
a state of thc compound, potable is a property of it, ixing 1é‘§~ peration
performed with it, a glass is a device for carrving out an aperation o

using it, man is a consumer of the mixture and intoxication is & reaction from

1t. The seven underlined words are facets inte which tne compound ai dhol
ci~ be sorted. Rather than to construct one laras classification tree, facet
analysis starts “rom tne bottom. It first groups torms inte categortes, ar-
ranged laterally, since there are na intercateqory hierarchies. The intrg-
category descriptors are organized into appropriate hierarchical upings

This ¢lassification technigue can b2 carried to the tvpes of Jaty categories
in the PSES. Consider the follgaing:

T, Hduman factors task statements
2. Action verbs

3. Qisplays

4. Coantrols

*Descriptors are terms selected for inclusion in the theciurys (see Spotian V)
for use as indexing terms that describe the data contained 1n the exnerimentyl
data peol.
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. Communication
. Group activity
. Training

. Personne!

00~ O N

These terms cannot he regaraed as having been derived from human factors task
data by a single characteristic, since they do not share related guaiities.
Category 2 is an action descriptor, categeries 3 and 4 are man-machine inter-
faces, categories 5 and 6 are human interactions, category 7 is concerned with
activities directed ta performance improvement, category & is the persornnel
type who performs the task, and category 1 is the task description itseif.
though these terms are not collateral members of the category ¢f human factors,
they can be sorted into groups, each of which is differentiated on the basis
c¥ a single characteristic, €.9., action descriptors. This type of scrting
1s called facet analysis. Figure 13 illustrates how human factors task data
can be sorted into facets {conceptual groupings). The eight categories be-
come subdivisions into which data elements are sorted. The facets are ar-
ranged lateraliy, and all hierarchical groupings are internal to the facets.

The various categories that make up a given classification will refiect the
central area of interest. If, for example, the data to be classified involves
a new manned aircraft, categories concerned with coperational and maintenance
sersonnel, task statementis, equipment, training reguirements, operationa!l
environn. t, etc, should be included. The Tist can be expanded to cover ali
of the behavioral aspects of each level of interest, as well as the activities
associated with manufacture, assembiy, and personnel testing.

It will be necessary to apply vocabulzry control technigues described in Sec-
tion V to assure that the terms chosen for descriptors complv with the rules
governing word uysage. The glossary of acceptablie action verbs and nouns
should be relied on when choosing descriptors to aveoid proiiferation of syn-
onyms. Unless these conventions are followed, misundersta-ding the meaning
of terms will result among the users and data will be lost in the retrieval
orocess. The terms are sorted into appropriate facets--L_noJeneous qroups

of terms representing the central area of interest in the data being clas-
sificd. By way of -llustration, the six terms mentioned earlier to cate-
gorize human factor, task data are characteristic of the divisions by which
terms are derived. The characteristics are also logical categories in whi )
to assem..e terms. They express certain relations or links between terms,
e.g., action descriptors/man-machine ir*erface/personnel, and action descrip-
tors/human interaction/performance improvement/personnel.

In summary, faceted analysis is similar to tradition 1 rules of logical
division, but differs in two significart ways. First, the analysis performed
to construct the scheme is stricter, since every category must be isolated,
every new characteristic of a division must be stated precisely, and new

links must be recognized. Secordly, the various facets and categories are

not bound into rigid enumerative scheduies but are free to comtine with each
other so that all of the relz’ "ons between them can be expressed. In essence,
by providing a means for comb. ing terms into compound subjects, faceted
classification allows for the more adequate expression of the complexitv of
information.
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PROPOSED UESIGN OF A FACETED CLASSIFICATION SYSTEM

Faceted classification as described here dirfers from the original faceted
system developed by Raganthan (1957 and 1965) and medified by Yickery (196€).
The later form of Raganthan’s system was called colon c¢lassification, but
this term merely refers to the use of colons to separate facets. Their con-
cept of dividing data into a series of related facets was incorporated into
the selected approach. but their detailed indexing schedules and classifi-
cation schemes were not utilized. They viere developed for the classification
of documents and do not readily lend *hom:_ lves to the indexing and classi-
fication of dis.-ote items of human factors task data. In the selection and
organization of facets, greater reliance was piaced on the systems developed
Dy the English Electric Company (1961) and Mulvihill and Brenner (1966).
These two are library classification systems and are be*ter applied for de-
tailed indexing rather than for book classification. The faceted stiructure
of the detailed tables allows for a fairiy logical and concise arrangement

of concepts in a complex subject field. This concentraticn on in-deptl
classification appears to provide a better point of departure for the clas-
sification of factual human factors task data than one more suited to docu-
ment ciassification. While these systems are primarily concerned with equip-
ment, personnel, economic factors, etc., some of the concepts can be utiiized
in the construction of a classification system to handle humarn factors task
data. The prnposed design incorporates the principles related to faceted
classification described earlier. The data are grouped into a series of
lateraily arranged conceptual facets that represent the central areas of in-
terest for human factors task data.

The {nitial step was to develop a series of facets for handling the type of data
contained in the experimental data pocl. There is a mcre detailed breakdown
of the data elements in the faceted system, but the PSES element list can

be expanded to any degree desired. The level of detail is one of degree,

not of kind. The faceted system can provide the same type cf data retrieval
capability as PSES and can be implemented on the Time-Shared Data Management
System (TDMS) (see Section til). ODue to the limitations of TOMS for hand-
ling data that are organized on muitiple hierarchical Jevels, the data must
be arranged into a series of rather lengthy entries. A list of these data
elements and their definitions is presented in Appendix XI . Each entry in-
cludes the pertinent hierarchical data on system, phase, segment, task, and
subtask-related data describing the action, personnel, and hardware involved.
The faceted system described above is limited to data retrieval; by itself
it provides no capability to show the functioral relationships that exist
between facets. Thus, it can relate one ijtem of data to another, such as
action, personnel, and equipment, but cannot be used to determine what ef-
fects a change in te<k sequencing will have on the performance of the tasks.

To provide a means for identifying functional relationships, it will be
necessary to add another order of facets. These facets constitute a depen-
dent category that contains information that will modify or expand on the
data in the other facets. These facets are called attributes. Attributes
are defined as any property or quality of an element in the data base that
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is a meaningful entity by itself. Attributes consist of information known
about the dat» con*ained in tne gata base. To facilitate the user in deter-
mining what information is available, each task and subtask must contain in-
dicators that inform the user whether the attribute facets contain infor-
mation on tae elements involved in that particular task or subtask. To :
identify elements having associated attributes, it will be necessary to query

the attribute facets. It will be possible to ask if one or more elements

have associated attributes or if any elements have attributes. A minimum

of two requests wiil be necessary to determine what the actual attributes are.
The first request provides the names {or numbers) of the elements having
associated attributes.

The attributes are limited to those that are direct quantifiable modifiers
to elements of task data, such as performance cCiaracteristics, training re-
quirements, reliability, and operational environment. A description of :
reliability should suffice to illustrate the content and use of an attribute {
facet. Information is provided on the crobable error rates associated with !
differeni time allowances for the performance of specific tasks or subtasks.

t also indicates whether error rates ore within acceptat » limits. With

this type of information the specialist is provided with probabilities as-
seciated with time changes and the effect of time changes on the performance
of tasxs or subtasks. If a rime change results in an unacceptable error rate,
but the time change was considered to be mandatory, then other attribute files
may pe q eried for issistance. For example, nformation in the training

requiremerts facet night indicate that zvror rates can be reduced through

additional training. When a tentative solution to the problem has been

reached, the economics factor facet can be explored to datermine whether the
additional training required is economicaliy feasibie.

Definitions of representative attribute facets are presented below to exem-
plify their varied nalure and content:

® fconomic Factors-~Contains the cost of equipment, supplies, facilities,

training, transportation, and anything else ou which a price tag can te
or is placed,

* Location--Consists of geographic locations where the system or any of its
tacilities might be relocated.

® Qperational Environmert--Contains a listing of the conditions under which
a system’s operationai support or maintenance operations may cccur--it
is subdivided into temperature ranges, altitudes, and regions, e.g., land,
sea, outer space, ctc. Thne breakdown can be as detailed s tne duata war-
rant.

® Relizbility and Maintai «hility--Reliability refers to the prcbauility that
a system or any of 1ts human or equipment components will perform a re-
quired function under specified conditions, without failure, for a speci-
fied period of time--this characteristic aprlies to hardware and man.
Maintainability refers to the characteristics (both quantitative and qual-
itative) of hardwdare design and installation, which make it possible to
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meet operational objectives with a minimal expenditure of maintenance #f-
fort (manpower, personnel skill, test equipment, tschnical data, and main-
te ance support facilities) under operaticonal envirormental conditions

in which scheduled and unscheduled maintei:ance are performed. This facet
may be expanded to include repairability and serviceability data. Repair-
ability refers to those qualitative factors that determine the repaira-
bitity of equipment, including time to diagnose and isolate maifunctions,
time to repair malfunctions and piace equipment in satisfactary cperating
condition, manpower and skill levels required to repaie th: mslfunction,
and the time the equipment is operating satisfactorily withcut requiring
corrective maintenance. Serviceability refers ts that function of squip-
ment design, configuration installation, and operation which results in
minimization of maintenance requirements, including the use of special
tools, support equipment, skills, and manpower. It enhances the ease of
performing maintenance and reduces the expenciture of time and material.

SYMBGCLIC EXPRESSION OF TASK DATA

A capability to express statements symb 1ically wili be useful when describ-
ing the functional relationships between the component facets of task data,
Symbolic expressions provide a method of expressing statements or condition:
by conventionalized characters. The symbolic expressions described here take
the form of pseudo-algebraic equations, hut are, in reality, a convenient
shorthand technigue for expressing task data and have no direct relationships
to mathematics. By their concise nature, symbols can be used to show inter-
relationships between components of task data mcre clearly than can be shown
in narrative form. The clear-cut and systematic divisions of data in the
faceted classification system facilitate the generation of symbsiic expres-
sions. This methodology will provide the aralyst with the capability to
better understand the relationships that exist between the data. For example,
he may want to know how personnel are affected by increased periuds of ac-
tivity, how the operational environment affects the performance of the crew
and the equipment, whether proper shelf levels are available to maintain its
equipment adequately, or any other simpie or complex relationships.

Task information frequentiy changes during the course of system development.
These changes can be expressed symbolically. For example, a series of sym-
bolic statements can be used to express prior, cencurrent, and subsequent
events that exist in task sequences. Other typical changes that occur to a
mission time-line, that can be expressed syubolically, are as follow:

® Addition of new tasks or subtasks

® Deletions of tasks or subtasks

® (Changes in the time to perform tasks or subtasks, e.g., longer, shorter
or different times in the mission

® Additica or deletion of personnel
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® RQeassionment ¢f existing tasks or subtasks to different personnel
® Change in ihe sequence in wnich tasks or subtasks are performed
® Addition, deletion or changes to hardware components

e (hange in coordinetion requirements for tasks performed by more thai (e
person due to zome change in task assignment of one or more of the per-
sonnel involved in its accomplishment

® 4 ~hange in the mission of the system, e.q., a change from a reconnaissance
mission %o @ rescue inission may cause a major change in the time-line.
Enalysts are moct concerned with changes of this nature early in the de-
sigr: cycle, when they are modeling and conducting contingency studies.

The detarmination «f conflicts is not simply a matter of locating points in
the time-line of 2 wission where an individual must perform more than one task
rv subtask or where an equinsment compenent is used bv more than one individual
during the same or overlapping time intervals. Rather, it is a matter of
determining which of these conditions constitutes conflict, since an indi-
vidual may be ahble to perform several tasks or subtasks simultaneousiy. The
proviem is to determine which ones, if any, are of a contradictory nature.

For example, a piloet may be required to monitor a number of visuai indicators
continualiy while 3teering an aircraft and may be required to communicate with
a ground station at the same time. The simultaneous performance of these
tasks may be within the capabilities ot the pilot. But a single task may
resuit in a severe conflict if it reguires two individuals to perform mutually
contradictory operations on the same unit of equipment. Also, a task or a
combination of tasks requiring the same individual to be at two Tocations at
the same time will obviously resuic in a confiict. The symbolic method of
expressing data may assist the analyst to isolate the locus of contradictory
opeirations and in finding means of resolving conflicts.

The terms and structure of task statements and a series of typical modifi-
cations (0 the system and mission profile are presented symbolicaly to il-
lustrate the -ange ot conditions that can be expressed. Beciuse of its sim-
plicity, a series 0of changes to a mission time-line was chosen to illustrate
the swvmbology and structure of the statements. A typical task statement ex-
pressed in symbols 15 shown below:

C-5A - FO_ [PCN - €Ty (T15 - 25)]

3
The firvet group of capital letters and combination of capital letters and num-
bers appearing in frort of the orackets and separated from the other letters

by a hyphen represen? the system. The capital letters appearing directly after
the hyphen indicate a3 particular mission phase of the system, and the lower
case subscript letter{s} indicates a specific segment of the mission phase.

in this example, C~5A = the system, FO = the flight operations mission phase,
and ¢ = the cruise segment of flight operations.

The positions involved in the task are expressed by capital letters. [f more
than one position has the zame title, a particular ¢ - is distinguished by a
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supscript number. These letters are th first insertions inside the .rackets.
in this example, P = Pilot, C = Copilot, and N = Navigator.

IT = Independent Task. An independent task is one that involves only a sin-
gle position in its perfirmance. When a subscript number is added, .g., ITx,

it indicates the sequential occurrence of the task for a given positien since
the start of a specified segment of the mission phase. Each independent task
has the designators of the appropriate position in front of it, separatad by
a hyphen, e.q.. C«iTi.

CT = Coordinated Task. Coordinated tasks are thcse that invelve more than one
.osition in their performance. When a subscript number is added, e.q., CTZ’

it indicates the sequential occurrence of the task since the start of a spec-
ified segment of the mission phase. Each coordinated task has the desi tor
of the performing position in front of it, separated by a hyphen. The pou-
sitions that are active participants in the task have a dash under their des-
ignators, e.g., Epgch3. 1f, in this example, the piiot and navigator are

cummunicating with a ground control station and the copilot Tistens to the com-
munication, the pilot and navigator are actively invoived in the task, whereas
the copilot is passively involved.

T = Time. T alone indicates that the time involved is unknown. Any riumerical
time is expressed in minutes and hundredths of minutes. When T is foilowed by
two sets of numbers separated by a hyphen, it represents the time interval in
which a task is to take place, calcutated from the start of the mission, e.g.,
T 15-25. Time followed by a single set of numbers indicates the total time
allowed for the performance of the task and does not place the task in a se-
quence, e.qg., T5. Time may also be expressed as “"continuous” TC or "as re-
quired" TAR. Specified times are always enclosed in parentheses, e.g.,

(I 15-25) or (T5), whereas all other times are r . Brackets [ ] are used to
enclose the tasks ard their associated times, e.qg., [PCN - CT3 (T 15-25)].

A superscript number cver T of either IT or ¢, e.g., 174, CTQ, in” cates
an individual subtask performance, rather than the entire task. In these cases
the time is understood to be subtask time rather than the task time.

The following illustrates how the symbolic techninue can be utilized for
describing and resolving problems associated wiiu the addition of a new sub-
task to a mission time-line. [f a time change was necessary to CT3, in the

original example, it would be necessaiy to identify the suotasks pccurring

prior to and after the subtask baing changed. It would also be necessary to

determine if any other tasks are being performed during this time interval in

o-der to be able to evaluate the effects of the change. For example, 1¢ a

new subtask is added between CTg and CTg, it would be necessary to know which

of the positions performed these tasks and what time intervals were 1nvolved.
9

If the positions and times involved are P-CT3 (T 17-18) and N-CT3 (T18-19),

-66-




then the question is: Are nther tasks being performed at least in part between
(T17-19)? If, for example, one other task, FO {Q;ITZ {114-19)], overlapped

this time interval, it would indicate that the pilot and navigator are more
thoroughly occupied than the copilot. Assuming that the subtask had not beer
assigned and that an analysis of the facets involved indicated that it could
be performed by any of the three positions, then, all other factors being
equal, the logical choice for this additional subtask would be the copilot.
However other factors might mitigate against this choice. If so, this could
also be determined by using the symbolic method.

The symbnlic information beicw the horizontal line refers to equipment. The
equirment symbols are £ = Equipment, MC = Major component, C = Cemponent,

A = Assembly, SA = Subassembly, and P = Part. When the equipment symbol(s) is
enciosed in parentheses, it indicates the equipment unit(s) involved in the
task. When E appears by itself, the equipment unit{s) affected by a proposed
change has yet to be determined. When E is rollcwed by one or a series of
letters divided by hyphens, it indicates that these are the cauipment unit(s)
that may be affected by a proposed change. For example, E-C-A indicates that
an assembly to a component may be affected.

To describe a change and its effect to a task, additional symbols are added
after the brackets. If the problem were to determinc how reliability of
performance is affected by a reduction of 5 minutes to task time in the orig-
inal example, the task statement would now read:

C-5A-T3_ [PCN-CT

c 715-25)] (-75)=R

3
¢

The change to a task statement always appears after the brackets and is en-
closed *n parentheses. In this example (-TS) indicates a reduction of 5 in
the time to perform the task. The symbols appearing after the equal (=)

sign are applied to information about the effects of proposed changes, If
more than one, they are separated by hyphens. In this example, R = Reliabil-
ity.

Changes of a broad and far-reacking nature can alsoc be expressed swrholically,
[f there is no symbolic data encinsed within tne brackets [ ], it indicates
that the proposed change prodices no effects, [If the change itatement does
not 1aclude symbols for missian seament, it means that the change affects

the entire phase. If the zymbais for phess are alse missing, 1t indicates
that the change affects the entire system,

To reiterate, the use of symbolic expressions provide:
®* A concise method for expressing iask data

®* A concise method for describ ng chiasiges Lo tark data and for descriting the
conditions surrounding these change:

* A method for determining the effacts of chonges and how o rectify confiicty
arising from these changes
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¢ A simplified and exacting method for requesting information from computer
storage

® A method for saving time

SUMMARY

In summary, the type of faceted classification scheme proposed to handle human
factors task data is one that: (a) has homogeneity of concepts occurring
within the same category, facet, or subdivision; (b) has a one-pla .e-per-con-
cept philosophy; (c) stresses the synthetic capactiy of terms to combine with
one ancther to exoress more complex terms; and (d) provides the capability to
express functional relationships between certain data. By providing the sys-
wem with a catigory framework, it 15 simple to as5ign unique piacement tc
concepts cccurring in the schedules, since they are classified according to
their basic characteristics.

The vocabulary that resuits from faceted anaiysis can be used for initial in-
dexing and for querying the data base. Facet hierarchies can also facilitate
the conduct of generic searches. 1t will be simpler and less costly to con-
struct and use a facet classification system than an enumerative system.
Also, facet analysis provides a technique of vocabulary construction that has
the advantage of being explicit and can pe precisely described, communicated,
taught, and anaiyzed. It can also he readily changed to accommodate modi-
fizations and deletions.
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SECTION VII

DATL ANALYSIS AND SIMULATION TECHNIQUES

INTRODUCTION

The techniques employed by human factors specialist in refining task infor-
mation into useful products, such as marning estimates or the determiration
of skiil requirements, are often the result of analytical and simulation pro-
cedures. Such procedures are highly amenable to computer application. It
faliows that if data are easily accessible from computer storage, various tecn-
n14ues ~3an be applied to refin> the data into needed products. Research on
analysis and simulation was conducted to determine the needs of aerospace
system programs and the analysis and simulation software design necessary for
integration in a user-oriented computerized task data handling system. Pre-
liminary research conducted by Hanrah et al. {1965) and Whiteman (1965) in
dicated that anticipated users of analysis and simulation tecnniques extended
from program level managers to non-managerial specialists in aerospace Sys-
tem development programs. Hannah et al.(1965) concluded that computers

were not being used 1n many instances for the purpose of analvsis and simu-
lation because of the high cost of computer technique development, the ex-
tensive time required in the orcaramming effort, or the inaccessibility of
computers. They also conciuded that current trends in the appiication cf
analysis and simulation technigues in aerospace sy<tem design and develop-
ment have resuited in the generation of many diverse techniques that are
specific to particular systems. Thus, the guestion for research was: Can
analysis and simulation techniyues be developed that wiii provide for the
maximum numbers of users with *he maximum levels of applicaticn and speci-
ficity., Tnis approach would reduue cost and time by eliminaving redundant
development 0f analvsis and simulatio~ techniques and computer porgrams.

The current and potential uses of computers for cooducting analysis and
prodyct simylation were assessed through the distribution of gquestionnaires
during the preliminary research period {Hannah et al., 1965}, Many resnon-
dents to the yuestionngire indicated that simulation fun:tions were eftirer
heing performed in their organizations or could be performed for determining
human performance ectimates, equipment performance estimates, manning esti-
mates, hardware reguirements, and ¢ost estimates Computerized simulation
technigues have slso facilitated the design and development of training
devices, the investization of various subsvstems within systems, and the
estimation of system reliability. '

shiteman 1965) indicated tnat almost one-half of current computer processing
15 devoted fto anaiysis.  As e othe case of simulaticn, it was shown that
there was ai7n 2 diversity in the application of analvtic techrigues. How-
ever, in eralysis the redundancy 1s not in the development of analysis tech-
nigues, bu' rather in the Jdeveluprent of computer programs. Typical analy-
ses are: multiple regression, correlatinn gnalysis, factor analisis, and
analysis of variance. Techrigues need to be developed that allow a user to
accass analysis prograns, such as these, or to develop his own techniques in
3 user-griented environment.
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With regard to simulatior, Whitzman (1975) recrmmended the development of a
computer language especially oriented to human factors data. The lanquage
should provide facilities for: (1) selecting data from a master data file,
(2) processing selected data, and (3) generating reports. In view of cur-
rent research, the question of concern is the fe...bility of preducing a
simulation language that is tailored to human factors information. This
cculd be achieved; however, it would be very costly due to the extensive man-
hours necessary to produce such a tool. Current research found that there
are many simulation languages already in existence. Thus, existing simu-
lation languaces should be evaluated and, if possible, one should be chosen
that compiies with those attributes Whiteman recommended.

The initial effort beyond the preliminary research approached this problem
by examining task data for their fundamen:.al analytical properties. This
effort, reported in Potter et al.(1966) dealt primarily with the human fac-
tors task data to be included in the experimental data pool. Several prob-
lems were investigated: identification of the quantitative and gralitative
characteristics of the data, identification o” the measurement zharacteris-
tics of data, selection of standard mathematical measurement units ‘English
vs. metric units}, and identification of interfaces with other research
areas, such as data classifiration and vocabulary standardization. Final
solutions to these problems must be souyn® in conjunction with the overall
development of objectives and detailed specitications for PSES analysis and
simulation functions.

0BJECTIVES

The research was intended to answer guestions, such as:

® Do current analysis and simuletion techniques iend themselves to pooling
into a generalized data handling system within a user-oriented enviror-
ment?

®* [s it possible to develop a general simulation technique or should a
store of simulation techniques be provided?

Can analysis and simulation techniques be incorporated as an integral
function of a user-orient:d data handling system?

® (an general zed analys.s and simulation technigues in a user-oriented
computer enyironment lessen the need to continuously develop ~ystem-spe-
cific techniques?

® (Can the data base ccotent and conputer programs provide :eady access of
information for both analysis and simulation?

® Myst modular routines be used to provice ready access of information fer
both anaiysis and simulation?

® Must new technigues be developed in order tc provide an analvsis and Simy-
lation requirement within a user-oriented corputerized data handiing en-
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vironment?

Are there other research areas that have significant implicatic® upon the
development of analysis and simuiatior techriques within a data system,
such as data organization and vocabulary control?

These questions led to the generaticr of the following research objectives:

° Inves*igatp current analysis and simulation techniques and their applica-
bility to a computerized déta handiing system in a user—o,1ented environment
® Define the categories of data for aralysis and simuiation which provide the

input to anaiysis and simulation technigues

®* Select an analysis and simulation technique which wouid interface with the
relevant data handling research efforts and tre sysiem

Develop stardard data formats that are amenihle o aralysis and simulatron
techni ues

* Develop generalized analvsis and simulation techniques that are flexible

erough to satisfy the nee¢s of aerospdce system develcprent programs

4PPROACH
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Figure 14. Analysis Concept

drawn, then the additional data poois must be similar in organizsetion to the
first data pool for the particular system. These additional data pools might
contain information from analvses performed on other < stems, which are simi-
lar to the system being developed. This is an effort toc maintain continuity
between different data bases that contain information relevant to & single
aerospace system development program,

The second source of input is users. A user might choose tc perform analvsis
on information which is not contaired in an existing data pooi. The desire
would be to provide a capability for users to input data on-line.

The third source of input is from simulation. After outputs have been derived
from a simulation, there may be a desire to enalvze these outputs. Changes

in vaiues ma, result from simulation and these resultant cnanges could be
identified fur input into an analyiic data file. The analytic data would
contain resu’ts of various analyses and simulations and the formulas from
which the results were derived.

Just as there are several sources of 1nput to analvsis there are dlso severyl
recipients of anaiytical outputs. As shown in fiqure 14, the recipients of
Jutputs are tie sysiem users, the analytic data base, and sim: tion. In a
gross sense, 311 oulputs are received by users, since the resuits of analysis
are performeu tecsuse they are desired by a user. The outputs of analysis
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serve 35 feedback itc a user Dy providing easy and rapid access to data upon
which decisions can he made.

Tne second recipient of anailysis output is the analytic data base content which
represents a subset of data chosen for analysis from & data pool. Those val-
ves derived from the application of aralysis are entered intc the cata base
whenever a user desires. They can be entered as new eiement values or used to
update existing values of elements. i

The third, and perhaps the most important recipient of analyzed data in terms
of demonstrating the integrated concept in a user-oriented environment, are

the simulation voutires. To illustrate, the values obtained from logical,
arithmetic, or statis ical operations might be obtained from the analysis pro-
grams and used as inputs to the simulation programs. [f these obtained val-
ues have alr idy been processed vn a manner which is amenable to simulation
input, there would be no need for users to generate processed data for simu-
lation input. Users could eiect to input the pre-precessed value directly

into the simulation bv use of a program that would call these values intc the
simulation program thus eliminating one additional possibility for human error.

The concepts described above established preliminary specificationg for se-
tecting a set of analyses proarams *hat lend themselves to integration in a
user-oriented environment. The selected programs nust be investigated for
their compatibility with the software, the hardware, the philosophy f a
user-oriented environment, and the needs of human facters specialists. If

an analysis technique is to be selected for implementation in & user-oriented
envirorment, it must be compatible with the concept of time-sharing; not
restriciecd to impiementaticn on any specific computer; have a capabiiity of
handiing data stored in a large data file; be relatively easy to operate;
provide a capability to process lagical, arithmetic or statistical operatinns;
and be written in the JOVIAL language in order to be compatible with the com-
puter language of PSES.

The investiaation led to a system which hopefully would meet the requirements
established in the approach and the objectives. This system is TRACE 117,
presently being developed by System Development Corporation.

TRACE TII operates in a time-shared mode and has a specially-designed user-
oriented command ianguage that provides manipulation of analvtic data. It
provides a means for users tc crganize data in a manner which 15 most appro-
priate to their specific analytic needs. This capability in TRAZE III pro-
vides for rapid access from the dat. pool of the specified data upon which a
particylar analysis is performed. TRACE II1 reduces the total computer pro-
cessing time by restricting the operation to subsets of data elements nec-
essary for a series of specific analyses. [t is necessary to construct a data
file according to TRACE IIl specifications in order to perform analyses on
those data called from the larger TRACE III file and placed on a smaller file.
It alse provides an automatic updating capability that fulfills the user's
need tor manipulating his most current information and permits him to in-
clude the results of prior analysis in future manipulations. These capa-
bitities in TRACE I'1 fulfill the analytic requirements of retrieving data
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from & data pool and ailowing users to input data not contained in a data pocl.
There is also the possibility of ¢ velcping a capability that perwits the user
to input resuits from simulation processing. Through these processes, TRACE
I11 provides the users with the capability to interact witii the analytic¢ pro-
grans in 2 user-oriented environment. Some of the capabilities of tne TRACE
III analysis system include: (1) a system of computer programs operating in
a time-sharing mode, (2) performance of data manipulation functions ncrmally
assigned to a data clerk, such as the derivation of new variables from exis-
ting variables, (3) automatic updating of the data base with derived infor-
mation, and (4) data manipulation without the time-consuming task of writing
specific programs for this purpose. TRACE provides the capability to perform
often-used statistical operations and permits the expression of more complex
and less-usod operations without any programming effort. These anaiyses are
expressed by the user in the simple format of the TRACE III command language.
Once analytic routines are written by a user, they can be stored in a file
for later recall., This feature exemplifies ancther redurtion in time ex-
pended by the users in processing their data. TRACE 11l provides an analytic
capauility which can be considered as part of a total data handling system.
It allows the three sources of input discussed eariier to interact with its
programs in a manner which is quite desirable and would meet many of the re-
quirements of aerospace system develiopment prograrms. Conversely, the results
derived from analycis can be discributed to the three recipients of analytic
cutput.

In aadition, there are two communication opticns by which users may specify
their requirements. The users can operate TRACE III using either its command
language or its discursive language. The latter method of addressing the
system leads the user step by step through the process of specification. Af-
ter the process is specified, using the discursive language, the command larn-
guage correspoading to that process is presented to the user and passed on

to the TRACE 111 compiler automatically, The TRACE {1l system instructs the
user in the construction of short, precise requests.

In summary, the TRACE III system provides an anaiysis technique which can be
used in a user-oriented environment, It permits us2rs to express formulas in
2 manner which does not require prugramming efforli by the user and is simpie
to operate. It allows users a gqreater intevaction with the dat> and is de-
signed te be c¢ompatible with the time-shared PSES. A user is not restricted
to rigid preprogrammed analysis; rather, through the command language of
TRACE [II, he will be allowed to express lcgical, arithmetic or statistical
operations of any complexitvy. It also support the concepts envisioned in the
analytic approach and should be consigared for more tharnugh jnvestigation as
the possible technique tu be inpliementea in the PSES.

simutation
Experience has demonstrated that simulation capabilities generated for one
system often cannot be readily applied to other systems or even different
developmental phases of the same system. In develeping a simuiation capa-

uility, one of the fundarnerntal questions to be answerad is: What is tho ob-
Joutive to be fulfiiled by simulati -7 Ideaily, a gensral <imutation capa-
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bility should be applicable tv the resolution of a broad spectrum of problems,
such as:

® Determination of the requiremeats for selection and training of system
personne]

® Evaluation of man's roll and effectiveness in systems and subsystems

¢ Evaluation of man's capacities in varying envirconmental situatiors

¢ Determination of llie procedures and requirements in regard tc personnel,
opevation, «nd maintenance needs

The deveiogpment of a simulation capability that would resolve the multiplicity
of problems that are encountered in aerospace system development programs
should be considered a long-range goal. However the immediate goal should be
the development of « Timited simulation capability that is meaningful and in
corsonance with the other developmental activities of the PSES research pro-
gram.

One of twoc basic approaches carn be followed in the development of a simulation
capability; a closed-end approach or an open-end approach. The closed-end
approach is illustrated in rigure 15.

Simulation System

( )|
I
é ’-i (Processors)
P T
Gkl e

¥

Initial

e — -

——

2

Fiqure 15. C(losed-End Approach to Simulation Development

The horizontal arrows in figure 15 represent simulation processing techniques
which are developed in parallel dependent increments from the initial state
through the first and second stages to compiete development of the simulation
processing techniques. [n this approach, the simulation processing tech-
niques are not independent of each other. Since no one technique is started
or completed before all the techniques are started, the work effort remains
at the same level of development. Because of the development of all the
simulation processina technicues and the interfaces between them take place
concurrently, as represented in fiqure 15 by the vertical arrows, the incor-
poration of a new simulation processing technique into the simulation pro-
gram may require extensive cxpenditures of time and funds. Therefore, this
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appreach presupposes that all the simuiation processing techrniques are
defined and their algorithms known before initiating development of the
simulation system. The advantage of this aporoach is in resolving well-
defined problems. In thi: case, all work anc cost expenditures are chan-
neled into a concerted efierc to promote the resolution of the problem.

The open-end approach is illustrated in figure 16.

Simulation System

(Processors)

Initial

g

——

(Processes added)

LN
/
* /" \ {Processes deleted
and replaced)

(o]

Figure 16. Open-End Approach to Simulation Develiopment

The open-end approach involves postulating simulation goals and developing
simulation processing techniques and/or selecting simulation processing tech-
niques from off-the-shelf inventori~s that can be used to achieve the stip-
ulated goal. Each processing technique incorporated into the simulation pro-
gram is independent of everv nther processing technigue and a., intercom-
myrication of information between the techniques utilizes the user as the
communication channel. In this approach, different processina techni,.. s
for each established goal can be in varionus stages of development. The
development of each simulation processins technique can be correlated tn

the state-of-the-art in simulation technology, the incorpuration or new 1n-
formation items into the data pool, {ast experier o qgained from users ¢on-
cerning the utility of each simulation technigue, changes in user needs and
requirements, and funds available for development. Furthermore, the addition
of new processing technigues can be undertaken at a relativelv low expen-
uiture of time and funds vecaw.e of the lack of utemastic cross-communications
between processing techniques.

One major simulation problem can Le illustrated by considerin: its solution
through the application of these two approaches. This 1s the problen of data
acquisition and selective retrieval for simulation, Selective retrieval of
data spocifically for simylation is the first prerequisite for any simyiation
program, The data must be structured and orgarized in a manner acceptable
for input into the specific simulation precessing program, This strucouring
can oe accomplished either by arganizina the computer file structure in ac-




cordance with simuiation reauirements or providing computer programs which
restructure the data after retrieval. Figure 17 is an example of the closed-

end approach as it is applied to this problem.

. LIBRARY OF
OPERATIONAL RETRIEVED S TMUL AT TON
SYSTEM DATA PROGRAMS
 —

STMULATION
OuTPUT
— - FIXED

s s P e ——

REORGANIZED
FOR INPUT

Figure 1/. Exampie of Closed-End Approach to Simuiation

Utilizing this apprcach, the user is restricted to a specific library of
simulation programs and would not be permitted to deviate from the library of
programs available. Figure 18 illustrates the application of the open-end
approach,

T ~ { '
R e PG 760 > SPECIFIED > RIEATED
¢ ' ’,. ~\_ BeTLH i b . LUt/ | Kl b
RE’T;‘;” RETREFVED SIMULATION SIMULATION
o NATA PROCEDURES NUTPUT

Figure 1R, Ixample of Open-fnd Approach to Simulation

In this apprecach the gperational system would consist ot a structure of soft-
ware nroarams that provide a file of retrrovahle 4533 srysniczed in accorcance
with user specifi-_tions. These data are then processed by generalized user
specified simylation procedures {program). Under this concept the user loses
a specificity that prohibits the accomplishment of <ome imulations; however,
he gains a flexibility that enable him to Structure simulation procedures

capable of meeting most of Yis requirements.

A possible disadvantage of the open-end approdch is that the user must know
the Jimitaticns and requirements of each simulation processing technituye and

-77-




R e

may have to accomplish a significant amount of manual labor to effect noise-
free conmunications between processors, particularly when the answer to a
query requires the operation of a sequence ot simulation processing tech-
niques. However, once the user :as been satisfied that a set of simulation
processing technigues has demonstrated utility and validity, further develop-
ment of this set of techniques can be undertaken to approach closed-end
development.

Of the two approaches, the open-end approach has greater intrinsic appli-
cability. The deveiopment requirements to att.in the goals established in
this research must be considered as interactive and evolutionary. Since all
ramifications of a system and users needs or requirements cannot be predicted,
the op. 1-end approach, which allows for growth and expansion at relatively
minimum expenditure of funds and time, is recommended for consideration in

the further development of the PSES.

In concept, the developmental process should be for the purpose of selecting
a set of tools to be used in a simulation system. In this case, a tool is
analogous to a simulation processing techn:jue, the central location is
analogous to computer storage. The tools selected must depend upon the use
t, be made of them.

The simulation technique selected must be adaptable to the computer system
that is to be used. This task may en.ail a relatively small amount of time
1f the technique is already written in some general purpose language, such
as Fortran, JOVIAL, or COBCL. In this case, recompiiing through a trans-
lator may be sufficient. If the technique is available in a machine-lan-
guage code, more time may be required for its adaptation. If the technique
s 11 the natural language, corsiderable time may be required to adapt the
language to the acceptable program form and to test and check out the pro-
gram. At leas: each input/output routine should:

¢ Provide an interactive capability to display fixed outputs as the result
of the operations of the simulation techniques. The user should also be
able tc specity changes of vvent ordering. within the fixed nutput capa-
bility, whenever the technique's output can be so ordered.

® Provide a capability to permit the user to input and store data that are
not contained in the data pool but that are relevant to the operation cf
the processor to be used.

® Provide a capability to store, on tape or binary disc, any qrouping of
data and processors that the user may wish to save.

A capability to extract data from t-e data poc) and organize them in a form
suitable for use by a simulation program is extremely necessary before ner-
forming <imulation. The extraction should be accomplished by the users thus
allowing data to be reorganized by event orderings, e.g., time, task, location,
operator. For exampie, it may be necessary to provide a time-line analysis
of the data before performing a cimulation (see Appendix XI11). Data reorga-
nization, based on some type of event ordering, ca:n enable users to deter-
mine the necessity for providing add.:.ional data befar- beginning a simu-
lation process. Research has shown that although time-lininy, is not simu-
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lation, it is a necessary starting point in the development of a set of simu-
lation programs. This phiii~ophy is not necessariiy valid if a variety of
simulation processes are to be used to solve human fa:.tsre problems in aero-
space system development. However, if, as has been indicated, one simulation
janguage and one set of simulation processes are developed to serve the gen-
eral needs, then it is a very valid and necessary function that aids in the
development of this latter capability. when the contents of the data pool

have been expanded to include all of the input requirements for the spectrum of

simulation processing techniques necessary, the event ordering formatting
capabiiities will no longer be required. The user can then retrieve the data
from the data pool and input these data directly by a calling program which
automatically inputs the identified data in simulation processing.

Under the provision ithat each incremental step in the development of the simu-
lation technigues should result in potential us2r benefits, the tec“niques
initially employed should be in line with user needs and requirements. How-
ever, the initial simulation capabilities should also be considered in terms
of other development efforts caking place in the PSES program, such as the
data pool organization, content, and vocabulary (see Sections V and VI).

The output of a simulation run should be in a format compatible with the user
requirements. D. A. Wilson (1967}, of the U. S. Naval Personnel Research
Activity, San Diego, California, has developed a scheme for automating
Operational Sequence Diagrams {0SD). The 0SD is a specialized form of task
analysis output developed by the U. S. Navy (see Appendix XII). This method,
with some minor modifications, can be programmed as a fixad format output of
a simulation run for PSES. Thus, the PSES user would have the option of
requesting that the resuits of his simulation be output in either a fixed
format or a user-specified .ormat by applying the COMPOSE program of TOMS
{see Section III).

The research was involved with the feasitility of developing an overall PSES
analytic and simulati 1 concept that would meet the requirements estabiished
for an operational data handling system. TRACE 111, a set of analvsis pro-
grams deve loped by 50, was chosen tor investigation to determine whether it
w wld achieve the concepts postulated and operate within the constraints of
the PSES. By providing users with a capability to operate TRACE IJI in the
PSES environment, user feedback can be used to determine whether this tool
should be integrated into the PSES.

The methodology for deveioping a simulation capabilitv for the PSES was in-
vestigatec. A concept for developing simulation within the PSES environment
was postulated and the nitial steps specified. An open-end approach was re-
commended as the means to attain the initial goal because it affords a flex-
ible, economical, and expeditious means of s nulation development,

These techniques are intended to enable successful research into man-machine
problems by allowing users to interpret various configurations of mar.-machine
interactions,
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This appendix contains sample system data source formats used in generat ng
the experimental data pocl for the PSES. These formats are:

e ALCC - Time~Line
Task Information Summary & Task Anrlysis Work sheet

e {-5A - Task Analysis work Sheet
Requirements Allocation Sheet (2AS)

Formats not included in the appendix are:
o Link analysis (ALCC) a standard presentaticn of Lin< analysis
configuration
e Drawings (ALCC) equipment sketches from qusRT
sketches showing approximate “oocationg o7
eguipment

., engineering

(!
t
i
p=g

aircraft sketches showing looation 0 work

(8aturn) s nmambers

e Jther engineering dats
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BRSD Exhibit HS-14
13 Mey 1065

; TASK ANALYSIS WORK SHEET

1. TATE:

[ah)

NARRATIVE TASK DESCRIFTION:

] PERFOEMARCE FACTORS CHECKLIST

FACTORS COMMENTS

Figure 20. TASK ANALYSIS WORK SHEET
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BSD Exhibit 65-1k |
13 May 1965

5. MEASUREMENT TECHNIQUES:

¥ §
{ } Onservation ;
{ ) Instrumentstion
{ ) Questionnaire
() Interview
() Paper and pencil test
() Check of records ani logs
{ ) Ocher
L, I'"BABLY ERROR FACTOR:
{ ) Unlikely
() High (see Comment)
5. CONSEQUEKCE ~F DEVIATICONS: t
6. SPECIAL HANDLING:
Care: §
() Little :
()  onsiderable (see Comment ) !
{ ) Moderate
Type:
{ ) Manual
( ) Vehicular
{ ) Crane
() Jack

. SAFETY PRECAUTIONS:

Sources of Special UDanger:

{ ) None

{ ) Mechanical
() FElectrical
() Explosive

Figure 20 (Continued)

-85-

ST IRy P ———




N T A e R TE. w

B30 fxhibii H5-1h
12 May 1965

7. SAFETY PRECAUTIONS (Cont)

() Volatile Fuels
{ ) Toxic Substances
{ ) Pneumatic
( ) Hydraulic
( ) Temperature
() Fire
Preparations:
( ) Clear Area
. ) Frucective equipmert or clothing
5 () Emergency Standby (personnel and equipment)
< { ) Other warring signs (see Comments)

8. MANIPULATING CONTROLS:
%a _ Type:

None

Hand Valves

Push Buttons

Control Auditory Feed Back
Toggle switches

Selector Switches

P e )
N S (e Nt ot N

Actuation Error Probability:

() CUnlikely
{ '} Certein {s=e Comment)
( ) Fossible

9. RATURE OF PROCEDURE:

() Fixed
{( )} Variable
{ ) Alternatives specified in procedures
( ) Alternatives selected by the individual
()} Motor Skills
{ ) System Anslysis
( ) Circuit Analysis

10. SPECIAL CLOTHING USED:

Figure 20 {Continued)
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BSD Exhibit 65-14
13 May 1965

11.  TECHNICAL PUBLICATION COVERAGE REQUIREMENTS

Equipment Functiona? Description
Data Flow Diaswram

Schematics

Drawing

Numerical Data

Ster-hy.Ctep Procediure

Other

. o e o =
S N St N N e

Fiqure 20 (Continued)

Rl
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ALCC 142 LINE SHEE)
1.0  ATTAIN FLIGHT READINES
REF, | NUMEER FUNCTION Loc,
1.2 1.1 Quim On Pover
1.1,1 GO to Circuit Breerer installation - ALCC panel, § CCCBHP
1.1.2 Verify all circuit breakers are rl-~sed, CCCBP
1.1.3 Go to ALLCC POWTR SUPPLY Unit ERZ
1.1.% Throv POWER svitch to ON ER?
1.1.5 63 to Code Retaining Power Unit BATT
1.1.6 Tarovw Code Retaining Power Uait O4/OFF switch RATT
to Ol position
1.1.7 Verily Code Retaining Power Uait display is ON BATT
1.1.8 Return to STA 1 1-LP
1.1.9 Confirm PCV=R ON display is ON 1-LP
1.2 Ferforz Lasr Tests
1.2.1 Rotate LOLL and STA 2 Laxp test thutbwlcels 141 /2
to zero
1.2.2 Confirz #'s in rultipie-lesend lamps (The rlight 1-hL/2
indicators vill be sequenced A thru J and K
thru T, respectively) .
1.2.3-20 (Rapeat .1 & .2 for V's thru 9's) 1-h1/e
1.2.21 Rotate larp test thumdwheels to ALL 1Ly /2
1.2.22 Confiim all einzle lcrend Yamps 1lluminated 1-hL/2
1.2.23 Rotate lazp test thimh lLeels to OFF 1-b41/2
1.2.24 Confira all lanps are OFF 1-41/2
1.2.2% Depress STA 1 Lawsch Contiol penel LAMP-TEST 1-LP
bution
1.2.26 Confira mll lamps illuninated 1-LP
1.2.27 Release laap tost button 1-LP
1.2.28 Co::lfim all lacps are OFF 1-LP
1.2.25-5% Repeat procedures .i-.24 for DATA FROCESSCR DP
panel lanps
1.3 Load yrxercise Tape
1.3.1 Unlock tape rcader door. ER2
1.3.2 Insert taye reci and adjust ER2
1.3.3 Close door & attach tvwo padlocks ER2
1.3.h Go to STA 1, Launch Pancl 1-1p
1.3.5 Depivss & 1elense FILL bhutton 1-LP
1.3.6 ) Recoive status; I PHOCISS displ. ON 1-LP
1.3.7 Receive status; IN PIOCESS display OFF, 1-LP
OOMPLETE displny OH
1.3.8 Depress & release REWIID button 1-1P
1.3.9 |} Recelve status; IN PRICESS dspl. ON 1-LP
1.3.10 Recedfve status; IN PROCINS dicolay OFF, 1-LP
CRTLYM dicplay ON
1.3.1 Deprecs & relcase FMASTER RESET butten, (OMPLETEY 1-LP
loplay OFF
1.3.12 Report to Malntenance & Operations Lp
01T Fudt light will Le "ON" during this
nrocedure,
o D fependent upon nomlnal speeds of 1" /ser, assaming 300 oot
RCYLYR -§9-
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CC T E LINE SHELET

TIME  Minutes {or S=ronds)
0 1 2 3 l‘.
, , ; , ,
B
qup fo 2
I J
” . ) cadsnsbosdecndennsnclandencdan ---l-- vaunboadroobnsdae
I C
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(L {‘i\f Figure 21  ALCC Data Input Format
l‘ l” 1 ) wdnme --q---r-q~-- e ..-r-w-..'.“"’?.' .--r.- enapucgen
AENES 1
m% 8ley b
' -
THT IR >
IRRIE
I ()
} 2
1 'z
| 0
H (5
| ¢
nffidimgoingn Lo
|
~ Y
ool D PPt
nftai g (o
i 6
T aby
] 1
ahrntedn ogifog i [?]‘
i 3
l N
mlndnig {agudnge Ghep [
il )
| G
i (
| | !
ot e
arsrersrs R o
LU v T

N




jewdoy ndu] eieq yg-3

22 84nbi4

SV IIET @ ey 3

o't 5051 VIMNOPS ‘VALRITUR .“Q ye-iicr
» M. o .6.MU(C uv‘i MM.n.N‘W 4 VAR D 4 4 Ve Tory -”1184‘!‘( ‘ (Nu@mmﬁ . u.\.nl. ium.nd.u.-\u\.-
oCLSriLYy NS - - e g T
oo WIre 1wmn00 w17y PN VAWOD VIOYO030 -a33HMOON| NS 3060 3ive v vemare ‘i3 21w ¢ ¥3EIA 1w v amait | xive v s rsree
WO I¥D TUNeoe
tenata ‘ecwveIINTYE
\11...» - Putrny Puieels \weasad 9 tuerw v
*RXonZy Youed tace SAVY TITA S0eeee oql »dly (Dewwes
Nz w3 1009 (AcO Puyowid =81 XOTAN Aq T1TA Sseuiwe) 10 .red
{naa) ] .Wuw: (2} [Fovsv 2oy saomey cioop sesooy  ‘woriouUn] suy wi0jled e
1 2 voil £ RIL°0 RA00 &y 0¥ yowyy {*) SYTYRbePpY oq TTIA esenoyY “elinleg
TAY L *Q {118 wervw niom ey 81 S¥edTY |3
PIIIXS Jorson = ¢
rwes 3od syunod b
L 2SI Y 7 'raes1e pewiviene luwe a0l epuncd
reney. Of ‘werivIne 1I0ys  1woiyTecd
J1veaey - ¢ "X¥™y sowwy Peipuvie v wy ST(UA jurwd [nbe
-orwIww & woryetdwoo Priwoiysecd ae ‘Pur.anel ‘Purjeiwa
necr(2) woln 2u300% eanseg ‘TuewEnlpe Jo) pesinled souog *p
{ane) u.a;qmcuﬂq (1) | *eao0p vrreomt Puimdo
13 -] vy jée°0 Lq ssecovw uyey (1) BT -4TV)
rermtinbes onid ‘wvn sed spuncd
PO PUILIONE P22 1o 3qPIen 1ieddne 190m ewvey s
VO 79D [ UNBOO
/e®113at30y ~ cesuvas 11 mead | nbe
‘RIe} swew rald ‘werivie xiom ied 1ss)
u.n-nvM: =erayem jo wotyetdece *xwsbe ( wewy wee] oq 10v TVye .
(as) Faiecv(iSonay (2} ]| wodn resuoesrd saowey wou o€ peiirbes eonds niom g ~
111 9 uoy ¢ % °0 Nowroesud wotyivey (o) on
SqeuT Z( pesste 0w (Ve juind [
PiLiine zovey - 9 W3 WTEIIVE Sy W) sCW Ins
PaTPwvIe Sy woag sIweie(r *w
poivRIDISSS
$O7 1 Y0 | UTENOS coryomin 2 L1oyweironide
}u:::j -4 w1 powe i 1dunece sy [1iA Priiensy
‘ROU} sowvusINyIN e Puieres eyl ‘elgmiicdewsiy puw
u—n-nvmﬂw Jo votyatdeos wodn PIARIAMIN LI[PUSI 64 (]1m wewew
(A icicr{1)oney (€) YOV ecacmey “wasw wioa "Rl ‘100) elleowx sy P wade
v 2 uvey ¢ 10 ¢ 39y warireag () 10) sptacad o1 pwv ‘1eivt preond
saoqs 1005 (¥ JO yINPIey (WuiwOw
niox wetrd ~ € ‘owexy VAV WOLIOW SPWTURINTVE syl mipjaed
kodoad o1 s1x%d eayy0e) £ S000LvYY Y * wio1vid 120ddme jo 188 exwnt .
SIPUL PIOSO Sew) P pwe ‘trewuoesaod ‘3ovy owyPuy ‘o Yyweenseay 9 Puraitnles puv ‘sTe0y Siswy P
Fas1uy Juswd yabs UEMSZ ‘xee) sowwusSIuive syeaezyy ; P 2970y ‘was; won g Nuiiieddne s LiTowdwe v sawy
(owvosieg - 4 o4l jo woiyerdwoo ‘oueUnITIIM f 4914 souwmeiwive TUta oveem oxy  “peainbes og Yr§a
A9IJY  "weIT gioa b 375 ] ‘axosyeyg 20] verw sPeinng - A VLIR RIOR B 01 KEREUV JP Tyees Y i
{41/ ~w gt o 13edownry pue {&fYEMTY)
(Axd) Pacicn(s) ogav v) ‘erred puw ‘rowmoessd ‘ERL] S(AUEBTALSS M1T ¢ WITA TN
I 9 woyy ‘0 ‘20v wivie0 (i) FE' Y. SARQ (AES 1IeY e2TiSai FUS easmey |y X
T [ -] o ] - ¢ SMRT yees 3 v,
rar0s HES:!I - o v e ) + womvern i8N0 LD I [ TR A .-_..v_.mkﬂ:P
- oo e THONem N2 “H— g‘ TN TV vpen YIS ..‘m Lvarme
] 7 unme S p— 4d¥T ‘NOOE VP00 rrvwvrmCEeN W ru i
SINDOW DI LW I B1MIVE G Y DO LA A T ] " O0OOMCOCCLE L * (TWIITUAY XD B3] “Sn Yegisec -, w
VIGUovH F7Ty 1000GYSVE o'C ™ . -
ALIACLTLLD - 1] v cere) LAPEOR0 TS - li:vl. (S8 1T NOHYIOTIY SINYIRNACTY 3




REF.
LINE
NO.

FUNCTION
ELEMENT

CO-PILOT /NAVIGATOR

.---.J-----y--nm-_-h-----u-A---t

REVISION NO.|DATE

Figure 23. C-5A Flight Crew Task Analysis




CREW TASK ANALYSIS

~7CONTROL DISPLAY ACCEsS/ JTASK J TIME-BREAKDOWN(SEC)  TIME-BUDGET
HARAC- /T (HRS-MIN}
/ FR1eT oA VISION PERFORMANCE 2
ADMASTER / LOCATIOR 5 L A
§‘ Q’ {\ b .:.,FANL»
5, 9 &, © HAZARD
Y -&) N ike Ql\’ ~ S
$§’§$ 133}" 4 é’& @3’& & S A S ) é;g, &fv & FMARE
5 < 55 SN ngy Ky $ S
A &) N
SIS S x‘ﬁ@@ SIA S SES S
¢ 1011 112 113 Jia Dis|1e [17 |18 |19 [ 20]21 {22{23]24] 25]26]27 [28] 29{30]31 | 32 33
f
>l .
™y PN ‘k
~ L2 ~ P
S » , ~
< ~ 71 o ~ P \\'\
g
b ¢ - ~e—1
S
g
~—
pnty. p o~ -
p '~ ~—
T - =~ 4+<F ~ - ad =
7 o
> ‘:!" ~ ~— /4 .
Y T
. — —
CONTROL DISPLAY USE TFFICULTY CRITICALITY JTRAINING "CTER ] CHAPT &
ACCESS CODES FREQUENCY [CODES CODEY V=FAMILIAPTTA- | FLIGHT 1iA0E
B=EXCKLLENT CODES 1=§O DIFFICULTY 1=K KATARDS TION
AmACCEPTABLE 0=QNCE PER Jo=MINOR s=PUCSIBLE o=0FTAILED Ty
M=MARGINAL FLIGHT |3=MODERATE HAZALDS 3=FULLY ae
UsURBATISPACTORY ReAS L=VERY DIFFI- |3=ZXTRIME QUALIFIED
REQUIRED CULT HATARDS
1=INTER-~
ol ITTERT | ABOVE COTES RIZATE ™0 TASK CHARATFRISTLOS
oUSs SUBCECTIONS

5




APPENDIX 11

INPUT UATA CONTENT ANALYSIS ?
ALCC

C-5A
SATURN

LIST GF ABBREVIATIONS

The following abbreviations are used throughout
this Appendix under the heading “Source"”

PSES - Pilot Study Experimental System

TAWS - Task Analysis Work Sheets

T-L - Time-Lines
RAS - Requirements Allocation Sheet

QGPRI- Qualitative and Quantitative Personnel
Requirements Information

MAA - Mainten..ce Activities Analysis Sheet
OR - Drawings

LA - Link Analysis

Qe - (Cther Engineering Data

411 - AlY Sources Used
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DEFINITION OF DATA ELEMENTS (LUCID)

: The follcowing is an alphaebetized list of all the data elements contained in
| the LUCID date bases. The list contains the definition of each element and
! {dentifiea the data base with which the element is associated.

AFPSC (ALCC, C-5A) - contains the Air Force Specialty Code of the irdividuals
required to perform taskas. If more than one type of person is reguired
to perform & given task, AFSC contains multiple codes. The information is
siphanumeric in composition and contains a maximum of 6 characters, e.g.,
1416, 43151E. The AFSC is not accessible by its individual parts, e.g.,
shredout, skill levzl, career field.

CRITICALITY (ALCC, SATURN) - contains the degree of criticality associated with
the overall performance of a task. For SATURN, the information is presesnted

in descriptive phrases containing a maximum of approximately 150 characters.

For AICC, the information is presented in the following codes.

Code Equivalent Degree of Criticality
g A Performance failure will cause an abort
resulting in equipment damage or personnel
injury.
B Perfermance failure will cause an abort

resulting in equipment damage and no
personnel injury

C Performance failure will allow operation
to be carried out but not within planned
limits

D Ferformance failure will allow operation

to be carried out but delayed beyond
operational tolerances

E Performance failure will not affect successful
operation

{92}

Task is applicable to supporting uwctivities
and will not materially affect operations

DIFFICULTY (AICC) - contains the degree of difficulty associat~d with the overall
performance of a task. The information is presented in the fcllowing codes.

Code Equivalent Degree of Difficulty
G Equipment design waxes task performance
h difficuit
P Skill or knowledge required makes personnel

selection and training difficult, and a
high probability of performance failure
is anticipsted.

X Other

-116-




ENTRY DATE {all) - contains the date the information was entered into ~he data
base. The date is presented in the form of three pairs of digits that represent
year-month-day. For example, 670321 represents March, 21, 1967.

ENTRY NUMBER (8ll) - contains a unique numerical ildentifier assigned to each
task as it is entered intoc a data base. The identifiers are assigned
sequentially wit“in each system and contain from 1 to 3 digits.

ENTRY TAPE (all) ~ lesignates whether the data base entry describes a tesk as
originally entered into the data base, or whether the entry has been subse-
quently updated in response to modifics ions to the tesk. If the task has not
be u updated, the element contains the value NEW ENTRY in ALCC and C-5A and the
ve.ue NEW TASK or NEW FUNCTION in SATURN, If updated, the element contsains a
short 4¢ ‘criptior of the medification.

EQU_PMENT MaNIPULABILITY ( '-5&) - indicates how well an individual can mani-
D .ate the eq .pmen’ util.zed in performance of a task. The information is
present .d in *he fc  lowing codes:

Code Equivalent Manipulability
E Excellent
A Acceptable
M Marginel
3] Unacceptable

UQUIPMENT REACHABLLITY ( (-5A) - indicates how well an individual can reac!. the
aquipment utilized in per-ormance of a task. The informaticon is pres nted in
the following codes:

Code Equivalent deachability
E Fxcellent
? Acceptable
M Marginal
J Unaccep* able

FQUIPMENT READAEILITY (C-S5A) - indicates hWow w1l an indivi.ual can read a
disrlay surface, gauge, e*~,, utilized in performance of th¢ task. The
information is presented in the following codes:

Jode Equivaient Readab:ili y
E Excellent

A Accoptable

M Marainel

Uniacceptan e
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EQUIPMENT VISIBILITY (C-SA) - indicates how well an individuel c.n see an item
of hardware that is required for the performance of a task., The informaticn
is presented in the following codes:

Code Fquivalent Visibility
E Excellent
A Acceptable
M Marginal
13) Unaccep. able

FUNCTILJ (all) - indicates tha* portic- ¢ a r ssion profile that is perform 3
by & related group of tasks. The infermavio® is alvhanumeric in composi- ion
and contains a maximum of 72 characters.

FUNCTION CHECKOUT TIME (SATURN) - contaius ie total time, oxpressed .n minutes,
to perform the automated operation as descr.be in the function.

FUNCTION DESCRIPTORS (SATURN) - contains the .ames and sequence o1 %usks rhioh
are performed if a failure is detected during the automated checkout.

FUNCTION START TIME (SATURN) ~ contains the time, in minutes, at which a

function begins., Time begins with a large negative number and procecds t zero,

FUJCTION TIME BUDGET (SATURN) - contains twe values identifying increrent. or
decrements of time, in minutes, by which the start and stop times =% 4 ta. may
be altered without affecting the performance cf a task. The Information
alphanumeric in composition. Example: START T-167 HR, END T-int I 3C MIN,

HARDWARE INFORMATION (all)- contains the names or designaters of the har.vare
associated with a specific task. The information is alphanumeric in compositic
and contains a maximum of 72 characters for each item of hardware.

HAZARDS (all) - contains information regarding the risk associated with peri rm-
ing a given task. The information is al_ hanumeric in composition and co vains
& maximum of 72 characters per value,

LOCATION (all} - describes the physica. place associated w th the performar-e of
a task. Locations range from specific crew work stations tur aperational tasks
to field maintenance facilities for maintenance tasks. The information is

-y

alphanumeric in composition and contains a maximum of 72 charasters,

MISSION PHASE (all) - contains the broadest level of mission pr file
information of a task. It is alphanumeric in composition and contains a miximur
of T2 characters., Typical values are "preflight,” "

operations.

. " " . L
airhorne,  an. peost-flight

MISSION SEGMENT (all) - contains a breakdown of *he micrcion phase in hi
task is performed. The information is alpnanumeric in compesition and contains

a maximum of 72 characters. Typical values (for the mission phase e ri rme
operations”) include "climb," "cruise,” and"descend’.

-118-




PERFORMANCE CRITICALITY (C-5A) - contains, for each individual invelved in the
performance of a task, the degree of criticalily associated with its perfor-
mance. T.e information is presented in the following codes:

Code Equivalent Criticality
1 No Hazard
2 Possitile Hazard
3 Extreme Hazard

PERFORMANCE DESCRIPTCRS {all) - contain the individual man/machine procedural
steps required of individuals in order to perform a specific task. Procedural
steps are the smallest set of perceptions, decisions, and responses which the
human must perform in conducting a task. Included with each procedural step
-3 the AFSC or NASA designator of the individual or individuals performing the
operation as well ss the total time required to perfz.w e Drocedura. step.
The information is alphanumeric in composition and Is generally quite lengthy.

PERFORMANCE DIFFICULT. (C-54) - contains, for each individual involved in the
performance of a task, the degree of difficulty asscoclated with the performance.

‘e information is presented in the following codes:

Jode Equivalent Difficulty
1 No difficulty

l Minor

3 Moderate

L Very

PEERCRMANCE FREQUENCY {7-%A) - indicates, by code, how otften each individual
nvolved n the task performs his assigned Juties

Code Equivaient Freguency
2 Once per Tlight
P As requirel
i intermitten®
¢ Cantinue s
CRECONNEL ONAME {(alll - contaling the official title, o.g., pildt, radlis repairman,
of prTTjwne; involve! in the performsnce of o ,xs. A name exists for eswch

v ers pnel code Ddentifiasad for a task

{all - centalns one or more numeric vaiues repregenting the
eechopersontst Type required toorer?orm s tuse.
REN
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H
PERSONNEL TIME (all) - contains one more times, each asscciated with a
particular personnel type and identifies the amount of time, in minutes, syrent
in the pertormance of a task by each of tho personnel types involved in the .
task. |

REMARKS (all) - contains the revision code associated with the last revisicn
of *he task. The information is expressed by a single le¥fc;,ur, if no
revision has occurred, the word NONE.

REVISIOR (all) - contains the revision code associated with the las® revision
of the task. The information is expressed by a single letter, or, if o
revision has occurred, the word NORKE.

SAFETY PRECAUTIONS {all) - contalns statements regarding precautions to be taken
during the performance of a task. The information contains & maximum of 6€
characters,

SOURCE IDENTIFICATION (all} - corntains the author, document refereniss, origin-
ating organization, security classification and date associated with the

analysis of a task.

SPECIAL SKILLS [C-SA) - conts ns statements identifying 'l. ~irual, verbai
preceptual, motor, Judgmental cerabilities and the knowloedge of theory required
by individuals to prcperly perfcrm a task

SPECIAL TCOLS/EQUIPMENT {all) - contains the items <f equipment reguiredl to
perform a task. Each item contains a —=aximum of 7. characers.

5 TART TIME (C-5A) - contains the time, in
C-5A, time is calculated chrconologically
begirning at tire zerc and continuirg unti

STCP TIME (C-SA) - contains the stop
performance of a task. The time is
of the preflight phase, which is tdentd

TASK (all) - contains the name of the task bteing descorited.  The *ask @5 the
basic performance unit fasion profil * Loeigryl
steps that specify the
The task name ~ontains

T4SK FREQUENCY Qail} - ’ RS . :
is &lpbanhmfr and contains values such I H ,

and "twi-e per wission.”

TOTAL TASK TIME {all) - contains the total time, in minates, reiirad oo perdopen
a task.

TRAINING RFQUIREMENTS (ALCC, T-SA) - flentifies those spesifin wraininy rwegiiro-
ments necessary for each persinnel  cyre  involved 1o the posformance 0w tany,
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Index 0.

|

1) Object System: 2} Date/Revision: 3} Security Classificaticn
4) Orignating Organization 5) Autbor/Do...aent:

6) Refersnce 7) Type s Performance

Y Bunction/Teak, Rame/Number 9} Mareion Informatlon

10) System Information

11) Hardwere Characteristics:

12) Remarks (Indicate Specific Referant Block or Subjeot):

Form
89
Aug 46

nA
bl S

t

b et




o=

Index No.

13) Performance Description

14) Performance Characterintics

15) Personnel Description

Poam
Aug 66

A U i s G o
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The fcllowing four lists contain the elements of data used to define the ALID,
C-5A, SATURN, and INDEX data bases, respectively. Defin'*ions for each of the

categeries are contained in Appendix 1T .

ALCC DATA BASE

ENTRY NUMBER

ENTRY TYPE

ENTRY DATE

SOURCE IDENTIFICATTCN
REVISION

REVISION DATE

REMARKS

MISS1iON PHASE

MISSION SEGMENT
FUNCTTON

Traoa

PERFORMANCE DESCRIPTORS
LOCATION

HARDWARE INFORMATION
SPECIAL TOQLS/EQUIPMENT
TASK FREQUENCY

HAZARDS

SAFETY PRECAUTICNS

DTTET e AT T
A msbvd sauwtiraeivls 4oab sy

TOTAL TASK TIME
PERSONNEL NAME

AFSC

PERSONNEL KUMiEH
PERSONNEL TIME
DIFICULTY
CRITICALITY

TRATNING RFQUIREMENTS

2 £ % %

#* Each of these elements contai.is multiple values that share a correspondence
with each other across the elements, e.g., the first values fur PERSONNFL
NAME and AFSC are directly related, a: .re the second values, and so forth.
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OOURCE TCENTIFICATION
REVISION
REVISION DATY
REMARKS ‘
MISSION PHASE

MT3SION SEGMENT

FUNCTION

TESK

PERFORMANCE DESCRIPTOFRZ

LOCATION

HARDWARE INFORMATION

SPECIAL TOCLS/EQUIPMENT

TASK FREQUENCY

HAZARDS

SAFETY PRE7CAUTIONS

PEHFORMANCE TYPE

TOTAL TASK TIME

PERSOITIEL NAME

AFSC

PERSONNEL NUMRER

PERSONNEL, TIME

PEFTORMANCE DIFFICULTY

PERFORMANCE CRITICALITY

TRAINING REQUIREMENTS

PERFORMANCE FREQUENCY

TN T TWMETYIRNTY Aot d
gl Ul ¥V luwaDrsbe ]

EQUIPMENT READABILITY
TQUIPMENT READALILITY
EQUIPMENT REAC-*"BILITY
EQUIPMENT MANIPULABILITY
SPECIAL SKILLS

START TIME

STOP TIME

it it s R

x X ¥ %X & & %X X X % %k % X

* Each ol these elements containsmultipie values that share a correspondence
h witn eech other across the elements, e.y¢., the first values for PERD AINEL
NAME and AFSC are directly related, as are the second values, and so forth.
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categeories are the same as those lefined in Appendix IIT

ilowing, wiich are unigue Lo

SYQTEM sontaing the names of all systems for waicn lata bases exist in the

YOG containg A list of al'l mission phase, mission seg-
ment, andl funotion velues., it ls used to iied insight inteo the
. nature of 1 op intn buse,
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GUIDELINES FOR DATA EXTRATTION A

DT,

General
the fundamental taszk to be performed is to ex*ract "he Zatyg from the source
materisls and .ecord them on the f : ‘ i

recorded exa:tly ac it appes.-
be necessary on your part to co

Specific Insi.uctions

Number forms sequentially heginning with 021,
laveled Index Number.

[#7]
»,’
o
)
b

Block 1 -~ Will always be "ALCC-AVE"

Block 2 - Will always be 1/25/A¢

Block 3 ~ Write Unclassified

Biock 4 - Will always be 'Boeing'

Elock 5 ~ Document t1u¢v will always be "ALCC Operational Task Analysis and
Timeliness"

Block 6 - Data are found on line #30 of the Task informaticsn Summary (TI8)

Block 7 - Data are found con line #11 of 1IS

Block 8 - Data are found on line # 1 of TiS

Block » - Data ars fcund on lines #3 and & of TI8

Biock 10~ ¥xtract data from lines #18 and 19 of 7TIS

a, Copy each different coded equipment designator from the time-line
of the corresponding task time-line. (T d designators
are circles in red on page 2 of Section & {Tim in ;.\

b.  PFach TIS has a corresponding TAWS (Task Analys. Wook Sheev ).
this TAWS ig found on *the page following the TIS Extract from
paragraph 8 of the TAWS, any controls or eguipment tnat
appears with a check (v”) mark. Supplemental ejuipment

mation may appedar in paragraph ¢ of TAWS; 1if sc. include
Y app P Lrap 3
informaticn.

NOTE : ‘Tecols are not eguipment. We are concerned here with
equipment components and subassemblies Ve are not
concerned with conditions under which they are used.

(See Block 16 remarks.) Do not Jduplicate eguipments
¢r controis.
Block 11- Wiil always te blank
Block 1¢- Although the section appears eariy in the form, it should t QM=
pleted only after all other sections have been completed, ( ceed
t~ Block 14.)

+ . Miscellaneous comments necessary to explain any ot the other
items.
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T. of TAWS is
of TAWS,
handling
'
s, #5 of TAWS recarding Consequence
;
4. iny other certinent information should be caljed
T2 our attention regarding this
212K LR-
NoTE Cc not include time informsation. Tt is re-crded in ancther
Tiochk.
2lo0k Li- 8, Tee line #5 of TIS for location.
L. See line #1C »f TIZ for fr juency.
2. ZJee line #17 of TIS for criticality/difficulty.
I, fee line 422 - 25 of TIS for Training Reguirements.
€. 3ee paragraph 2 of TAWS for srecial tocls - if none, write
none.
f. <Zee raragraph 7 of TAWS for Safety Precautions.
Tor thig item, vlease latel the information a - b - ¢ - etc,
2lock 19- Zee line 170 of TIS.
Block lu- See lines 14-1%-16 ¢f TIS, Flease give time, title, i.e., elapsed
ic

At this poinut, complete EBlock 175, & - 4.
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Ger. :ral

The fundamental task to be performed is to extract the data from source materials
and record them on the forms provided., 'The information recorded should be recorded

GUIDELINES FOR DATA EXTRACZTICN C-3A

exactly as it appears in the source materials. Few judgments will be necessary
cn your part to complete the sixteen items on the form.

Specific Instructions

Number forms sequentiaily: Maintenance beginning with 701, Operati.ins beginnin

with 401,

Block 1 -
Block 2 -

Block
Block
Biock S5 -

Block 6 -

Block T -

Block 8 -

Block G -

=W
i

(T) Remove Aft Pressure Door LH.

Place the numcer in the block titled "Index Number'.

Will always be C-SA

Will be found on the "Reguirements Allocation Sheet" {(RAS) or the
"Crew Task Analysis" sheet as "Originator & Date". If &
revision has been made, it will be identified on the "RAS" or the

"Analysis".

Will always be Unclassified.

Will always be Lockueed.

Maintenance document title will always be Requirements Allocation
Sheet (KAS) and the "Document Numter". The auther will be found in
the lower left of the RAS as "Originator and Date'.

Operatiorns document title will always be C-5A Flight Crew Task
égalVS}s. . ., ‘
For maintenance tasks, copy from "Scurce Document block.

Tor operations tasks use, Hone.
For meintenance, se Preventive Maintenance or Maintenance as
indicated by source documentation.

For operaticns, use Flignt Cperations - Routine.
For maintenance, (F) use *itle from the first sheet of a maintenance

cpersation; (T) use descriptor titlie of operation being performed

and r=peat title from (F), e.g.,(F) Inspect Aft Pressure Door LH

n———
———

For operations, (F) use title from first entry of "Analysis Sheet"
column 4; (T) use title from next indenture of column 4, e.g., (F)
Start Engines and Before Take-off; {T) Check Radios.
For maintenance:
Mission - transport personnel/cargo
Phase - ground waintenance
or

phased inspection
Segment - enter specific operation being performed
For operations:
Mission - transport personnc . /cargo
Phase - preflight

or

flight
Segment - enter specific operation being performed
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Block 10— For (F) accumulate all hardware items used in subsequent iasks.
Ci } and maintenance enter information found in solumns El and
EZ2 of RAS.

For (T) and operations, enter hardware units from column 9 actually
used during the performance.
Block 1l- For masintenance, enter None.

For c¢perations, enter code found for eac! performer under the
following categories: Q

Visible, column 10
Readable, column 1l
Reachable, column 12
Manipulatable, column 13

Block 12 -Although the section appears early in the feovm, it should bhe
completed only after all other zections have been completed. Proceed
to Block 13. Block contents will consist of: i

Miscellaneous comments necessary to explain any of the other
items. (Maintenan:e; Column C of the RAS).

Record any ""Ceutions' or "Notes".

Record any pre~function cor pre-task conditions that must be
ac omplished before this event can be started.

Fcr maintenance, enter any deta Trom column G of the RAS. i

Record any other information which you feel should be culled
to attention regarding the task or function.
3- It (F) copy the task titles that are included urder thic function.

P

Block

If (T) copy the AFSC, the action{s) performed ard the time required
for each action.

For (Zﬁ maintenance use columns F3, F1, and F2.

A0y,

For (T) operations enter AFSC as follows:

Pilot 1095Z - colurn k4
Copilot 10457 - column 5
Navigator 15252 - column 6
Flight Engineer 1585 - column 7
Loadnaster 60570 - column 8

Copy man/machine action rrom apnropriate column and enter time.
Bleck lb- Location - describe location where performance is occurring,
Use column 9 on "Analysis sheet" for operaticns.
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g For cperations:
5 Enter codes as indicated in the particular column for each
performer for the following cstegoriesg:

Freguency, coluzn 1k

™fficulty, column 15
uriticality,column 16

Trainir=z Requirements, column 17

NOTE: If more than one value is entered on the source sheet, for
a single performer in any of the above categories, alwsys
record the value containing the highest value for that one
task only.

For maintenance:

) Enter the code found in cclumn Fh cf the RAS.
; Biock 15- Record for (T) greatest quantity of each AFSC required in columne
L, 5. 6, 7, or 8 for task completion.

Record for (F) a summary count of the greatest quantity of each
AFSC required for the performance of any one task.
Block 16- For maintenance (T) record the accumulated time requircd for each
© type to perform the task, then ad¢ all times tc provide a
MAY task time.

For maintenance (F) record the MAX task time for the tasks within
the function.

For operaticns (2) record as foliows:
Time limitations - column 25 and 2€
Start time - columns 27 and 28
Stop time - columns 29 and 30
Total clock time -~ columns 31 and 32
Each AFSC's time - total of columng 31 and 3?2 for each AFSC
Total man time - total as above for each AFSC times the number
of AFSC's required
For operations (F} record the total cliock time for the tasks witiin
the function.
At this point complete Block 12 (See instructions for Block 1., page 197 ).
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GUIDELINES FOR DATA EXTRACTION (SATURN)

The furdamenta’ tesk to be performed is to extract the data from scurce
materisle znd record them on the forms provided. The information should be
recorded exactly as it appears in the source materials. Few judgmente will
be neceszery ¢r your part to complete the sixteen items on the forms.

Specific Instmctions

Number forms sequentially beginning with 501. Place the number irn the
space labeled Index Number.

Rlock 1 - Will aiways be SV

Bloca & - Get dave from bottom of each first analysis sheet of documents
D5.-26001-91C and D5-16001-523.
No revision letter for the -910 docume . Revision letters have
been indluded in the -523 dccument as part of the_P.E.N/OPS
Activity Bo. e.g., 1523-12-C. "C" is the revision letter.

Block 3 - Will amlways be Unclassified

Block 4 - Will slways be Poeing

Bleck & -~ Author for -901 will be found at bottom of first analysis sheet

«fter "Engineer".

Author for -523 will be found at top of sheet in syace
"Prepared By".

Title will be as indicated
Block £ - Will always be none when using -901 document.

Wher, using =523 document references will be {ound a* bottom of
last "Fquipment Maintenance" sheet.

Block 7 Will slways be Muintenance

Block 8 - T using =901 record 325 the name tound in "Event Title" and

1y - 1"
Frent No. o .

§

If using -523 record (T) then name in "Nomenclature' following
"1" in cclumn k. "Tndenture" on first sheet of Equipment
Maivterance Sequence.

Biovk 9 ~ Wil aiwvays be as follows:

Mission -~ Assembly Checkcout, Launch Vehicle
Phase - VYehicle Systems Analysis, Pad, Fueled.
cegme it - Maintenance Analysis.

Block 10~ #or (5} scrumulete all special tools and equipment found in
columns 1,7 end 3 of "™Maintenance Requirements Analysis Form'.
For (l) iist cequentielly all equipment found in Column 5
"domenclature” and Column & Mg, Model Fart No." of "Equip-
ment Maintenanoe Sequence” and also the equipment found in
Columr 3 of "Maintenance Keguirements Analysis Form."
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Dlock i1 ~ Will alwsys be none

Blork i2 - Although the section appears =ariy in the form, it should be
completed only after all other sections have been completed.
Block contents will coms.o. of:

. Migcellaneous comments necessary to expiain any of the other
i - items

Record ~ny "Cautions" or "notes"

Record any pre~function or pre-task conditions that must be
accomplished before this event can be started.

Record sny other information which you feel should be called
to attention regarding the event.
Block 13 - If (F) copy sequence from "Sub Eveni” column in -907 “soumeut.

TPITY copr megienis O alllops COECARA LD sIluedd
Pirst sheet of each "Equipment Maintenance Sequence”.
Block 14 -Location will always be Kennedy Spsce Center, Launch Complex

39 Mobile Launcher, Launch Tontrol Center.

Criticality will be the greatest criticality recorded for the
event in "perf crit"” column of the "Maintensace Analysis
Requirements Analysis Form”

Criticality index is:

A - Little or no effect. Would not affect .he mission success.
E - Could result in some degradation ot eg: ipment bnt would
probably not affect mission success.
C - Mission success would be compromised tc an unacceptable degree.
Block 15-Record for (2), man type and greatest single quantity required for
event completion. Record as found in Section D columns 2, 5, k
of "Maintenance Requirements Analysis Form".
Record for (E) a composite summary of persor-el required for each
sub-event or task.
Block 16~ Record time in minutces but MAX Task Time is to be recorded in
heurs and minutes.

For (I). record time required to compile each required action.
If more than one time is found for an action, record the largest
as (MAX).

For (F) record MAX Task Time for each task.

At this point complete Tlock 12.
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| ane S cacameptan B SSWIOKI SN <o s

KEYPUNCHING GUIDCLINES

Every piece of input consists of a fieid number, one nr more spaces. a value,
and one or more spaces. The value is given to the element having that fieid
number in the data base description.

1 (PREFLIGHT OPERATIONS) 2 TAXI

*
Values for string elements are entered by repeating the element field number
and a value

9 THROTTLES - ~wuDER 9 FLAFS

Values for elements in a string set are entered in the same way except that

the order in which they are entered is important. The first value for an
element in a string set is associated with the first value for every other ele-
ment in that set, and so on. If a value for one eiement in a string set exists,
an associated value €>» ovi., C*her element in that set must also exist. There-
fore, if no real values exist for certain elements in a string sec, "dummy"
values must be inserted. Values for a string set may be entered in either of
the foilowing ways:

6 10552 7 ({TROOP CARRIER PILCT) 6 10452 7 (TRANSPORT PILOT)
or
6 10552 6 10452 7 (TROOP CARRIER PILOT) 7 (TRANSPORT PILOT)

One or more blanks may separate fieid numbers and values. If a value contains
blanks or commas, it must be enclosed in parentheses. If a value cortains
embedded carenthases, left and right parentheses must —atch and the entire
value must be enclosed in parentheses,

5 (INSPECT SnNUMICATOR AND WARNING LIGHTS (USE TEST SWITCH) )

A valuc may contain not more that 256 characters including blanks.

The erd of all values for an entry is indicated by the entry terminator de-
fined in the data base description. The end of all input is indicated by the
word TERM.

Specified keypunching rules were also followed:

Columns 1 through 72 may contain data.

*Related string elements in a: entry.
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Columr 1 of each card is treated as a continuation of the pre-
yvious card, allowing a field number or value to extend between
cards.

The entry terminator may not he split between cards.

The input terminator, TERM, must exist on a card by itself.
Data values may be stcred on cards in two ways. A field number and a value
may exist on a card by themseives (figure 24) or a field number and a value
may be immediately followed ty another field rumber and value (figure 24).
The first method provides much more ease in the desk editing of the data and
correction of errors not discovered until the loading of the data base.

The second method provides for a savings of storage area and, in the event of

large data bases, considerably reduces the time reguired to 1cad the data base.
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C-5A DATA ELeMENTS

The following is a list of elements in the C-5A data baoe as restructured for

ENTRY NUMRER
ENTRY TYFE
MISSIOF PHASE
| MISSION SEGMENT
! TIME SEGMENT
‘ TASK
TASK VERB
TASK STATEMENT
TIME
START TIME
STOP TIME
PERCONNEL
AFSC OFFICER
AFSC ATRMAN
AIR FORCE SPECTALITY
SFREDOUT
POSITTON TITLE
PERSONNEL TIME
PERSONNEL NUMBER
DI. FICULTY
CRITICALITY
TRAINING KEQUIREMENTS
PERFORMANCE FREQUENCY
EQUIPMENT VISIORLLTTY
EQUIPMENT READARTLITY
EQUIPMENT REACHABILITY
EQUTPMENT MANTPULABILITY
SPECIAL SKILLO
LOCATION
SQUTPMENT
SQUTEMENT [TEM

SEPEETTAD OO0 R RGUTEMENT

PR ¥
AVE SRR TR
bATAL
CARRT A N
KRS
B R ] oA
- .-
'
- Y AL

T i o il i e R T
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DEFINITICN OF DATA ELTMENTS (TDMS)

The following is an alphabetized 1ist of alil of the Jata elemeunts contained in the

TIMS {C-5A) data bvase. The list contains the definitions of each element.

AFSC AIRMAK - contains the Air Force Specialty Code of the airmen required

to perform a task.

AFSC OFFICER -~ contains the Air Force Specialty Code of the cfficers required

to perform a taesk,

AIR FORCE SPE..ALTY -~ contains an alphsnumeric designator of an ability or

8kill not restricted to a single utilization or career field for each individual

involved in a task.

CRITICALILY =~ contains, for each individual, the degree of criticality asscciated

with the performance of the task.

DIFFICULTY - contains, for each individual, the degree of difficulty associated

with the performance of the task.

ENTR" DATE -~ contains the date the informaticn was entered in the datu base,

ENTRY NUMBER - .ountains a unique numerical identifier assigned to each entry

as it is entered into the data base.

ENTRY TYPE - designates whether the data base entry describes a time segment
ag originally entered into the data base, or whether the entry has been
subsequently updated. If update, the clement contains a short description of

the modification.

EQUIPMENT - contains no data values but is merely a heading for a repeating

group of elruents,




EQUIPMENT ITEM - contains the names or designators of the hardware ssscciasted

with a specific task. |

EQUIPMENT MANIPULARILITY - indicetes how well an individual can manipulate the

equipment utilized in performan~e of a task.,

EQUIPMENT REACHABILITY - indicates how well an individual can reach the

equipment utilized in performance of a task.

EQUIPMEN. READABILIT - indicates how well an individual can read a display

surface, gauge, =tc,. utilized in performance of a task.

<
B

EQUIPMENT VISIBILITY - indicates how well an individual can see an item of !

hardware that is required for the performance of a task.

HAZARDS - contains information regarding the risk associated with performance

of a given task.

LOCATION - describes the physical place associated with the performance cof a

task.

MISSION PHASE - contains the broadest level of missicn profile information

associated with the performance of task.

MISSTON SEGMENT - contains a breakdown of the mission phase in which a task

is performed.

PERFORMANCE FREQUENCY - indicates how often each individual invalved in the

task performs ' .s assiszned duties.

PERGONNEL - contuins no data values btut (s merely a heading for a repecting

group of data,

PERSONNEL NUMBER ~ contains a numeric value representing the aumber of each

type of personnel required to perform a task,
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PERSOBNEL TIME - identifies the amount of time, in minutes, spent in the

performance of s task by each of the personnel types involved in the task.

POSITION TITLE - contains the ¢ "ficial title, e.g., pilot, radio repairman,

of each type of personnel invoived in the performance of a task.

REMABKS - contains any relevant miscellaneous comments associsted with s

t.ask.

REVISIUN -~ contains the revision code associated with the last revision of the
task.

REVISION DATE - contains the date of the latest revision.

SAFETY PRECAUTIONS - contains statements regarding precautions to be taken

during the performance of a task.

SHREDOUT - contains an alphabetic suffix to the AFSC showing qualifications

in specific equipment or functions.

SOQURCE - contains no data values but is merely a heading for a repe.. . ng group

of elements.

SOURCE IDENTIFICATION - contains the author, I ~ument refernces, originating

organization, security classification and date associated with the analysis

of a task.

SPECIAL SKTLLS - contains state "ent identifying the visual, verbal | perceptusa.,

motor, Judgmental capabilities and the knowle:dge of theory required by individuale

to properly perform a task.

SPECIAL TCOLJS/EQUIPMENT - contains no Jdata values but is merely a heading for

a repeating group of elements,




SPECIAL TOOLS /EQU.PMENT ITEM - contains the items of special equipment required

to perform s tesk.
START TIME - contains the time, in minutes, at which a task begins. Time is
calculated chronocleogicelly from the start of the preflight phase, beginning

at zero and continuing until the #nd of the post-flight phase.

STOP TIME - contains the stop time, in minutes, associated with the performance

of a task.
TASK - contains nc data values bubt is merely a heading for a repeating

group of elements.

TASK FREQUENCY - describes how often a task is performed.

TASK STATEMENT - describes an action, performed by one or mere individuals at

sperified times, directed at the accomplishment of a limited geal.

TACZ VERB - ¢contains the verb which describes the action or process of the task

statement,

TIME - contains the total time, in minutes, required to perform a task.

TIME SEGMENT - identifies the sogment of time Jdurine which a related group ~F

tasks are perf rmed,

CRAINING REQUIREMENTS - identlifies those specific ‘raining requivements necessary

rersonnel type involived in the performance of a tasek.
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BUILD AND MATCH PROGRAM

PROGRAM BUILD

START 72 BUILD
TABLE INPUT R 10 1 ;
BEGIN
ITEM INHB8 OO N ;
ITTM CHH1COM ;
ERD
TABLE CUTPUT R 512 1 ;
BEGIN
ITEMOUT H B0 0o N 5
END
TABLE NAMES R 9 1 ;
BEGIN
ITEM NAME K 8 0 0 N

BE(NAME #1=) B8H(NAME #0=) RH{NAME #2=)
8KH(

NAME #6=) SH(NAM® #7=) B8H{NAME #f="

END

END
TABLE CODES R
BEGIN
ITEM CODE ¢
RFGIN
SH{CODE e

[SETINRNERS

"NC R 1 T 1H{N)

LOBLANK B oo b Ru

SHINAME #L=>

SH{NAME #.=°




PRCC IDTTY
BEGIN

FOR A = 0,1,9 ;

END
PHOC XFER ;
TTEM AA I 48 U
BEGIN

FOR A = 01,9

o

T T AT
BREGT!

FOR B = 0,1,7

Lo P - g o~ >y
IF BYTE(R,1,INT2],8) EQ 2007

X




IF CH NQ YES ,

GO10 A30 ;

P 12U (ENTER SYSTEM ;
RDTTY

XFER(0) ;

ABO. PRINT 1LH(LIMIT MISSION?) ;

RDTTY

IF CH EQ XO ;
GOTO ASO

IF CH NQ YES ;
GOTO ALC
PRINT 11H(ENTER PHASE ;
RDTTY

XFER(10) ;

PRINT 13H(ENTER SEGMENT) ;
RDTIY

XFER(20) ;

IF OUT{20] EQ SH(NCuz Y
OUT{20] EQ BLAYK ;

i

ASQ. PRINT I1SH{LIMIT 7UNSTION"D

RDTTY .,

IF CH EQ NO
GOTT AtD

IF CH NQ YES .
GOTO ASe

PRINT 1oH{FNTEYR TUNCTI N
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i . o

RITE(TELTYP,NAMES+A,1) :

IF CH EQ NO
30TC ABD
ZF CH NQ YES |

5!
[
oo
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X
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PRCGRAM MATCH

START 72 MATC
TABLE DATA F 512 1 ;
BEGIN
ITEMDL K 80 G N
END
TABLE PRCFL R 500 1
BEGIN
ITEM "1 H 8 0 0
END
TABLE INPUT R 1 1 ;
BEGTN
ITEM IN H 6 0 0
END
TABLE OUTPUT R 18 1
BEGIN
ITRM OUT H 8 0 ¢ N
BEGINL
SH(SYSTEM -) 8H{ 3H( TASK 8H(

BH( ) 8H( ? ( ) 8H(
BH( SH(ENTRY # ) 3y{ mvpp o
8R( i 8H( ) F ) Auf
OH ( 8H(
FND

END
TABLE NXTFLD R 400
REGIN
ITEM FID H & o




TIM CORWRD I LB U
ITEM PROW I L8 U ;
ITEM NUENT H 1 ;

ITEM NOENT H 1 ;

ITEM SCTRNO I 48 U ;
ITEM CHAR T L8 U
ITEM FRSTM I 43 U
ITEM FLAG H 1

ITEM YES # 1 P 1H(Y) ;
ITEM NO H 1 P 1H(N) ;
TTEM WRDS1 I 48 U ;
ITEM WRDS2 I L8 U
ITEM NUM § 2 ;

ITEM BLANK H 8 P 8H( ) s
PROC CHKIT ;
BEGIN
IF BYTE(T7,1,Di,[pm0],8) EQ 20(76)
BECIN
REED. RDX1(SYSTM,SCTRNO,DATA,512=T1) ;
SCTRNO = SCTRNO + 1
DROW = 0
DCOL = 0
En.

IF BYTE(7,1,D1[DROW],8) EQ 20(75) ;
GOTC REED
IF BYTE(T,1,DL[DROW]},8) EQ 20(77) ;
BEGIN
PRINT 1H( ) ;
PRINT 13H{ERROR IN DATA) ;
3TOP
END
END
PROC MOVIT ;
ITEM PAREN I 48 U ;
BEGIN
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FOR A = 0,1,8 ;

BEGIN

FLDR[A] = RLANK 5

EXD
CEAR = O
FOR A = 0,1,3€ ;

BEGIN

FOR B = 0,1,7 ;
BEGIN
T8T. IF BY’I’E(DCOL,l,Dl[DEOV],S) EG 1H( )
BECIE
IF CHAR EQ ¢ ;
BEGIN
HIT

7 GOTO TST
| END
{' IF PAREN EQ O :
|
|
i

RETURN ;
GOTO MOVE ;
END
IF BYTE(DCOL,1,D1[DROW],8) EQ 1H(() |,
BEGIN
IF PAREN EQ O ;
BEGIN
PAREN = 1
HIT
GOTO TST ;
END
! PAREN = PAREN + 1 ;
GOT0 MOVE ;
END
IF BYTE(DCOL,1,[DROW],8) EQ 1H()),
BECIN
IF PAREN EQ 1 ;
BEGIN
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FAPEN = 0
HIT ,
RETURN
END
PAREN = PAREN - 1 ;
GOTO MOVE ;
END
MOVE, SBYT(B,l,FLD[A],8,BYTE(DCOL,1,D1,[DROW],8)=FLD[A]) :
CHAR = CHAR + 1 ;

ETT
END
END
END
PRCC HIT
BEGIN

DCOL = DCOL + 1
IF DCOL EQ & ;

BEGIN
DCCL = 0,
DROW = "ROW + 1

CONWRD = CONWRD + 1 ;
IF CONWRD £Q 10 ;
REGIN
‘F BYTE{7,1,D1[DROW],8) EQ 20(32),
BEGIN
DROW = DROW + ]
RETURN
END
CHKIT:
END
END
END
PROC MICHIT
BEGIN
YY. FOR A =0,1,5 ;
BEGIN
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IF P1[PROW+A] NQ FLD[A] ;
BEGIN
22. MICH = NO ;
RETURN ;
END
MICH = YES ;
END
END
PROC NOWRDS ;
BEGIN
FOR A = 0,1,8 ;
BEGIN
IF OUT{A] EQ BLAKK ;
BEGIN
OUT[A] = 160(3277605060676060) ;
WRDS1 = A + 1
GOTO QQ
END
END
SBYT(7,1,0UT[8],8,20(32)=0UT[8]) ;
Q. FOR B = 9,1,17 ;
BEGIN
IF OUT[B] EQ BLANK ;
BEGIN
OUT[B] = 160(32776C6060606060)
WRDS2 = B -~ 8
RETURN .
END
END
SBYT(7,1,0UT[17]},8,20(32)=0UT[ 1) ;
WRDS2 = 9 ;
EAD
PROC FLDNUM ;
BEGIN
NUENT = 1H( ) ;
NOENT = 1H( ) ;
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FIND. IF BYTE(DCOL,1,D1,[DROW],8) EQ 1H( );
BEGIN
HIT ;
GOTO FIND ;
END
IF BYTE(DCOL,3,D1[DROW],8) EQ 3H(END) ;
BEGIN
NUENT = YES ;
HIT ;
HIT ;
HIT ,
GOTO FIND
END
IF BYTE(DCOL,4,D1[DROW],8) EQ YH(TERM) ;
BEGIN
NOENT = YES ;
RETURN ;
END
NUM
HIT ;
HIT
MOVIT
IF NUM EQ 2H(1 ) ;
BEGIN
FOR W = 0,1,8 ;
BEGIN
IF BYTE(W,1,FLD[N].8) EQ 1H( ) ;
BEGIN
SBYT(W,1,FLD{0],8,1H(;)=FLD[0]);
GOTO WW
END
END
Ww. SBYT(0,.,0UT(10],8,BYTE(0,4,FLD[0],8)=0UT[10]) ;
END
IF NUM EQ 2H(z ) ;
BEGIN

BYTE(DCOL,2,D1[DROW],8) ;
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FCR A = 0,1,5 ;
OUT[12+A] = FLD[A]
END
IF NUM EQ 2h(11) ;
BEGIN
FOR A = 0,1,5 ;
OUT[3+A] = FLD[A] ;
END

IF NUM EQ 2H(1 ) OR NUM EQ 2H(8 ) OR NUM £q 2H(9 ) OR NUM EQ 2H(10) OR
NUM EQ 2H(1L4) OR NUM EQ 2H(21)
RETURN ;

GOTO FIND ;

END

1

AA. FOR A = 0,1,512
D1[A] = BLANK ;

FOR B = 0,1,500 ;
P1[B] = BLANK ;
CONWRD = 1 ;

FRSTM = 1 ;

FLAG = 1H( ) ;

PRINT 1H( ) ;

% PRINT 18H(ENTER PROFILE NAME) :
F

|

l

r

] ]

i «,—-v-_‘-m__wwp——w
e 4 el D .

READ{ 6H( TELTYP) , INPUT, 1)
FOR B - 0,”,7 ;
BEGIN
IF BYTE(B,1,IN,8) eq 20(32)
S8YT(B,1,IN,8,1H( )=IN)
END
IF BYTE(O,4,IN,8) EQ LK(NONE)
BEGIN
PRINT 1H( ) ;
PRINT 15H(MATCH CONCLUDED)
S0P
END

»

b

b
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PRINT 1H( )
PRINT TH{STANDBY) ;

BB. FIL}(IN,ll,lH(C),O,IN,0,0,SOO=T1,T1,TI) 5

RDX1(IN,0,PROFL,500=T1 )
IF P1 FQ BLANK ;
SYSTM = 6H(SYMALC)
IF BYTE(0,4,P1,8) EQ LE(ALCC)
BEGIN
S{STM = 6H(SYMALC) ;
UT[1] = 8H( aLcc; ) ;
END
IF BYTE(0,k,F1,8) g LH{C-5SA)

b

= OH{SYMC5A)

OUT[1] = 8H( ¢-7a; ) 5

END
IF BYTE(0,6,P1,8) EQ EH(SATURN

BEGIN

SYSTM = GH(SYMSAT)
OUT[1] = 8K( SATURN, ) ;

END
BE1, FIL3(SYST™,11,1H(C; ., 5ySTM
RDXl(SYSTM,O,DATA,512=Tl) ;
SCTRNQ = )
DLOL = Qg
DROW = ¢ .
BB, FLDNIM .
BB . FrOW = 10 s
MICH = yps .
IF NOENT EG viv .
GOTO ENDIT .
CC. IF PIl1U] Ky BLANK ;
GOTU EE

PP IF MM g o605

»0,0,10000=T1,T1,T1)
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FLDNUM ;
TF NUENT EQ YES ;
GOTO BB3 ;
GOTO DD
END
MICHIT ;
IF MTCH EQ NO ;
GOTO XX
FLDNUM ;
IF NUENT EQ YES ;
GOMQ BZ3
EE. PROW = 20 ;
IF P1{20] EQ BLAXK ;
GOTO GG
TF. IF NUM NQ 2H(9 ) ;
BEGIN
FLDNWM ;
IF NUENT EQ YES ,
GOTO BB3
GOTO FF
END
MTCHIT ;
IF MTCH EQ NC ;
T XX
FLDNUM ;
IF NUENT EQ YES ;
GOTO BR3
GG, PHCOW = 30 ;
IF P1{30] = BLANK ;
GOTO II ;
HE. IF NUM NQ 2KH(10) ,;
BEGIN
FLDNUM
IF RUENT EQ YES ;
GOTO BB3
GOTO HH ;
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END
MICHIT ;
IF MTCH EQ NO
GOTC XX
FLINTM -
IF NUENT EQ YES ,
GOTO BB3
II. IF P1{k0] EQ BLANK ;
G010 LL
JJ. IF NUM NQ 2H(14) ;
BEGI.
FLDNUM ;
IF NUENT EQ YES ;
GCTC BB3
GOTC RK ;
END
KK. FOR H = %0,10,13C ;
BEGIN
IF F1{H] EQ 8H({mD .
SEGIN

FLDNUM

PROW s K |
MTOHIT
IF MTOH B YES .
G YOI

.. . . N . N T
—ee o aF PO Ls 0 EQ BLANK
GO XX

ML IF N XQ JHioll o,
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BEGIN
FLDNUM ;
IF NUENT EQ YES ;
GOTO BB3
GOTHY) MM
END
NN. FCR P = 140,10,230 ;
B¥GIN
IF P1{P] EQ oH(END )
BEGIN
FLDNUM
IF NUENT EQ YES ;
GOTO BB3 ;
IF NUM NQ 2H(21) ,
GOTO XX ;
GOTC NN
END
PROW = P ;
MTCHIT ;
I¥ MTCH EQ YES ;
GOTO XX
END
XX. IF NUENT Eq YES ,
BEGIN
FLDNUM

GO Xa
END
IF MTCH EQ YE: |
BEGIN
NOWRDS
FRINT 1H{ ',

RITE{GH{TELTYF}, 2UTPUY WRDS L)

RITE(SH{TELTIF) QUTPUT+3 ,WEI 0
g FLAG = YES

EXT
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s
%
'
O
=
-

} SYSTM = EE(SYMCSA)
j {

ouT{1] = 8H{ C-5A ; ) ;
F

§ RSTM = FRST™ + 1
i GOTO BB1
: END
IF FROTM EQ 2
BEGIN
SYSTM = 6H(SYMSAT! ,
JUT" 0 = BH( SATURN;)
FRSTM = YR3TM + 1
t SOTC BBL
; EN
END
IF FLAG by YES
BEalN
PRINT 1H.
PRINT 1SH(MATCE CONZIUDEDY
;

e mmessra tomtts o o
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FACETED CLASSIFICATION -LEMENT NAMES AND DEFINITIONS
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FACETED CLASSIFICATION ELEMENT NAMES AND DEFINITIONS

The primary sources for the definition of these termsz were: the Handbook of

Instructions for Aerospace Personnel Subsystem Design AFSCM 80-3; Policies,

Procedures and Criteria, AFM 26-1: Military Personnel Classification Policy

Manual, AFM 35-.; Officer Classification Manual 36-1; Airman Classification

Manual, AFM 3G-1., and an examination of time-lines of aercapace systems,

The terms in the list are ordered to adher- to the classification structure

since this is more meaningful than an alphabetical arrangement.

1.

SYSTEM - A composite of equipment, skills, and techniques capable of
performing and/or supporting an operaticnal (or ncnoperational) role. An
operational role refers to & system program wherein the system is intended
for use by an operational command. A nonoperational rcle refers to a system
program wherein the system/equipment is intended for use for other than
operational employment by using commands. Extended test support equipment
are cften nonoperational in this sense. A complete system includes related
facilities, equipment, material services and personnel required for it-
operation to the degree that it can be considered a self-sufficient unit

in its intended opersticnal {or nonoperational} and/or support environment.

PHASE ~ A major division of the operational or support role of a system.
For example, in an aerospace system, ground maintenance: and flight opera-

tions constitute phases.

SEGMENT -~ A major division of phase. For example in an aerospsace zystem,
flight line maintenance and bench maintenance would constitute subdivisions
of ground maintenance; cruise, and approach and landirg are subdivisions

of flight cperations.

TASK - A related group of subtasks, performed by one or more individuals

at specified or unspecified times during the operation and maintenance of
a system, that sre directed to the accomplishment of limited goals. Tasks
are most often performed at specified times, although they may be performed
continuously cr on an ss-required basis, throughout the system's cycle. A

task may consist of a single operation when there are nc subtasks that must
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be performed before the task can be completed. For example, tuning a

radio transmitter to a desired frequency is a task consisting of a related
group of subtasks, Rotating a switch on a radio transmitter to change from
one transmission frequency to another qualifies as a task since

the single operation completes the limited goai. An operation of the
latter type would be a subtask if it were in & related series of actions

required to tune the transmitter,

" 5. TASK TYPE - An independent subtask (a task that involves a single
individuel) and coordinated task (g task that involves more than one

individual in its performarnce)

6. TASK SEQUENTIAL ORDER ~ The order of task start .ime calculated from the
beginning of a segment. The sequential order is designated by a number.
For example, 7 would indicate that this task was the seventh task to
start at a different sequentially ordered time since the beginning of
the segment., If more than one task starts at the same time, a decimal
point is placed after the sequential order number. For example, 7.1 and

7.2 indicate Jhat two tasks start at sequential order 7.

7. TASK SEQUENTIAL DEPENDENCIES - Tasks that are sequentially related to each
other. This type of relationship stipulates that the performance of
each subsequent task in the sequence after the first task, is dependent
upon the accomplishment of the previous task. Withir a dependent sequence
of tasks, there may be secondary dependent sequer -es, but these remain
as éarts of .he overall dependent sequence. For example, if two specialists
wre L0 complete separa*te tasks in a deperndsnt scnuence it would be possible
for one specislist to complete his task withoat the other doing likewise.
But the failure to com;lete both of the tasks would, of course, result
in a failure to complete the task sequence and to satisfactorily accomplish

its objective.

8. TASK TIME - Task time is classified as Specific if the task both occurs
at a fixed point in the system's cycle and has a known time duration.
Specific time can be expressed by numericel values that indicate its
“‘i time interval or duration length. If a task is only performed when a

special need arises, it is expressed by the term As Required. For example,
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10.

11.

i2.

13.

1k,

P T N

emergency procedures are periormed on an as-required basis., If a task

is performed continually or periodicelly throughout s segment, then

task time is expressed by the terr Zontlinuous. A continuous task is often
performed while a series of tasks with specific times is also performed,
Generally,the continuous tasks are performec without interfering with the
performance of specific tasks. Examples of continuous tasks are:

monitor intercom; maintain direrctional control of the airuvraft.

TOTAL TASK TIME - A numerical value that expresses the amount of time
required to perform a task. Total task time is expressed by minutes and

hundredths of minutes,

TASK INTERVAL TIME ~ Twc numerical values that express the interval in
which the task is to be performed. The two numerical values represent the
start and stop times associated with the task. Task interval time is

expressed in terms of minutes and hundredths of minutes,

SUBTASK (re.eating group) - One of a series of related actions, performed
by one or more individuals, required tc accomplish the limited goal of

a task. For example, th- individual steps required to tune a transmitter
are the subtasks. If & task g.al requires a single sction, the task and

subtask are regarded as one and the came (see item L),

SUBTASK TYPE - An independent subtask (a subtask that involves a single
individual) or a coordinaved subtask (a subtask that involves more than

one individusl in its performance)

ACTION VERB - An expression of the act or process of producing an effect
or performing a function. The action verbs must always ve in the present

tense and in the indicative mood.

ACTION DESCRIPTION - A short descriptive gstatement, beginning with the
action verb, that describes the action that ia taking place in the

subtask. For example, adjust (action verb) trim or aircraft for level

flight.
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15.

16.

17.

18.

20.

o i RS s e

SUBTASK SEQU:NTIAL ORDER - The order of subtask s*art time calculated
from the initistion of a task. The sequential order is designated by a
number. For exsmple, 5 would indicate that a subtask was the fifth
subtask in sequential order tc start at a different time since the start
of the task. If more than one subtask starts at the same time, a decimal
point is placed after the sequential order number. For example, 5.1 and

5.2 indicate two subtasks starting at sequentiel order 5.

SUBTASK SEQUENTIAL DEPENDENCIES - Subtasks that are sequentially related

to each other. This type of relationship stipulates that the performance
of each subsequent subtask in the sequence after the first subtask is
dependent upon the accomplishment of the previous task. Within a

dependent sequence cf subtasks, there may be secondary dependent sequences,
but these r.main as parts of the overall dependent sequence. For example,
if two sp cialists are to complete separate subtaskxs in the same task, it
is possible for one specialist to complei.: his assignment without the
others doing so. The failure to complete all of the subtasks would, of
course, result in a failure to complete the task and to satisfactorily

accomplish its objective.

TOTAL SUBTASK TIME - A numerical vealue that expresses the amount of time
required to perform a subtask. Total subtask time is expressed by

minutes and hundredths of minutes,

SUBTASK INTERVAL TIME -~ Two numerical values that express the interval
in which the subtask is to be performed. The ‘wo numerical values
represent the start and stop times associated with the subtask. Subtask

interval time is expressed by minutes and hundredths of minutes,

AIR FORCE SPECIALITY CODE (AFSC) ~ A code consisting of a combination of
digits, or digits and letters, used to identify a given Alr Force
speciamlty. For example, 1538 signifieg Navigatcr, an officer AFSC,and
60570 signifies Trensportation Supervisor,an airman AFSC, A letter prefix

and suffix may be assigned to both officer and airman AFSC's,

UMTILIZATION FIELD - The firs*t twe digits of the officer AFSC. It signifies
a grouping of Air Force officer specialties closely ielated on the basis

of required skills and knowledg~. For example, the Pilot Utilization Field
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21.

23.

2k,

25.

26.

(10 through 14) encompasses the function of program formulation, vpolicy
planning, inspection, training and direction and performance of combat
and operations activities as they relate to aircraft. In certain cases,
the skills and knowledge required for a given utilizatior field are of
such a specialized nature that they are not directly related to thoge
required by another, When this condition cccurs, the specialty and

utilization field are the same.

UTILIZATION FIELD DESCRIPTION - A statement of what the utilization
field nuaber refers toc. For example, 10 through l& identifies tle pilot
utilization field.

CAREER ARFA - The third digit of the officer AFSC, in combination with
the first two digits. It signifies a grouping of officer utilization
fields that are broadly related on the basis of required skills and
knowledge. For example, ;&g the Air Operations Career Area., encompasses
those utilization fields directly required to employ weaporn and
supporting systems to accomplish the primary operational mission of the
Alr Force. Included in the area are the Pilot, Navigator-Observer,
Aircraft Control, Weapons Director, Missile Operaticons, and Safety
Utilization Fields.

CAREER AREA DESCRIPTION- A statement cf what the Career Ares number refers

to. For example, 143 identifies Air Operations Career Aresa.

LEVEL OF QUALIFICATION - The fourth digit of the officer AFSC. It
indicates the level of gqualification within a career area, The level

signifies potential, partial or full gqualification.

LEVEL OF QUALIFICATION DESCRIPTION - A statement of what the Level of
Qualification number refers to. For example, 1435 identifies fully

qualified.
CAREER FIELD - The first two digits of the airman AFSC. It signifies a

grouping of related Air Force specialties ‘nvolving basically similar

knowledge and skill. For example, the airman Transportation Career
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27.

28.

29.

30.

31.

Field, 60, encompasses the functions involved in the movement of
personnel and meterials by military and commercial

transporation facilities.

CAREER FIELD DESCRIPTION -~ A statement of what the career field number

refers to. For example, ég identifies the Transportation Career Field.

CAREER FIELD SUBDIVISION - The third digit in combination with the first
two digits of the a’rman AFSC. It signifies a division of a career
field into which closely related Air Force specialties are arranged

in one or more ladders to incdicate lateral functional relationships.
There are seven career field sutdivisions under Transportetion Career

Field. For example, 605.

CAREER FIELD SUBDIVISION DESCRIPTION - A statement of what the career
field subdivision number refers to. For example, 605 indicates Air

Trangportation Career Field.

CAREFR FILLD LADDER - The fourth digit of an airmsn AFSC. It signifies
a vertical arrangement of Air Force specialties withi: a career field
subdivision to indicate skill distinction and progression. For example,

6057.

CAREER FIFLD LADDER DESCRIPTION - A -tatement of what the career field
ladder number refers to. For example, $057 the level of technician

or supervisor (advanced),

AIR FORCE SPECTALTY - The fifth digit of an airman AFSC in combination

with the first four digits. Tt signifies a functional grouping of positions

related in terms of education, training, experience, and ability qualifications.

For example, 60570.
AIR FORCE SPECIALTY DESCRIFTION - A statement of what the Air Force

specialty number refers to. ior example, 605?9_indicates Air Transporta~

tion 3upervisor.
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34, AIR FORCE SPECIALTY SHREDOUT - An alphabetical suffix on an officer or
airman AFSC. It signifies qualification with specific equipment or

functions encompassed by that Air Force specialty. For example, Z.

35. AIR FORCE SPECIALTY SHREDOUT DESCRIrTiION- A statement of what the
alphabetical suffix refers to. For example, 60570Z indicates the
C-5A aireraft.

36. AIR FORCE SPECIALTY PREFIX - An alphabetical prefix on an officer or
airman APSC. It signifies an ability or skill not restricted to a single

utilization field or career field. For example, L.

37. AIR FORCE SPECIALTY PREFIX DEGCRIPTION- A stetement of what the alphabetical

prefix refers to, For example, L indicates Latin America Area Specislist.

38, EQUIPMENT TYPE - A fundamental grouping of hardware. The criterion for
deterrining whether or not a unit of equipment should be classifi 1 ss
a type will derond upon whether it is a part of a larger assembly or is

independent. For example, aircraft is a type of equipment because it

is functiona 1y complete item in itself and not a part of a larger

equipment grouping.

39. PROPULSION UNIT - The type of power source used to propel the vehicin,

For example, Jjet, reciprocating engine or rocket engine.

FUNCTION - The malor purpo.~ for which a type of equipment viil Le used.

For example, equipment t: pe is aircraft, the function i{s bomber. Function

does not specify what kind of bomber it is.

SUBTYPE - A modifier of functicon that makes {ts meaning more precise.

For example, function is bomber, subtype is heavy bomber,
MODEL -~ An salphanumeric designator which speciflea s particular distinctive

grouping of an equipment subtype. For example, subtype is heavy bomber, modo !l
i{s B-52.
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MODIFICATION - A sequentially arranged se:ries of alphabetic designavors

starting with A which indicates physical alterations to an equipment

model to change its capabilities cr charac*teristics., For 2xample, model

B-52, modification H.

SERIAL NUMBER - An alphanumeric lesignator which uniquely identifies

an individual uni* of equivment., It is not meant tc designate {denti:cal

units of equipment. A serial number will, for examrle, Identify one

particular B-52k from all others. 3
MAJOR COMPCNENT MEMBER (repeating srour in Subtask) - 4 tasic

indispensacle segment of a unit of equipment. Tor oxample, the majcr cum=- f
ponents of an aircraft, include the fuselsge, empennage ., wings, landin ;
gear (minus tires) and engines, Mal -~ zumponents do not in-ilude accessaries

or other parts th-t may be replaced from time to time.

MAJOR COMPONENT - A particular majlor component of a unit of sguipment

under consideraticon. ror example, engine.

COMPONENT MEMBER {repeating group irn malor comporont) - A self-

contained unit which performs g function necessary t0 the vroner opreration

~ RN | THha o - i vd t o ot I3 SERGEENS N e e 5 + s “ -1 i
of & moduie, subsystea, or system o which 1t i3 w part. Yor example, !
a8 generator and 4 Qyroscope are components of ar ogircorat™., A component
may Oor omay a0t be g member of a mador ooomponont
T — N ~ LR . ~ = - ‘ e N B
- Uesignates a particular component 7 oa ur’t of egquipment
ok . vy 3 . g MRS e - ¢ 5 Y g R N S
under constierstion,  For cqgample, Lyroscore]
AT 13 3 ~ » L e R T Al - ~ -
ASTEMELY sroup inooompeonent s - & numbe 2T opArts orosub-
assem! ooany sombination therao! fnat mny e folned togethar oo
perform oa Sorurpes o within o8 component
el o - N \ . ~ -~ a ~ -
ACHEMRLY - Tesianates n on e et e rmane
nnder considerati on, For examprie, 4 radlo o vroceiver coovare
CUBAGTIMELY MEMRYYE {(repeating qroup (0 Ssseslly - Owe oo more partes Rk
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< ——

52.

sk,

form a portion of an assembly or component, replaceab’e as a whcle,

and having & part or parts which are individually replaceable.

SUBASSEMBLY - Designates a p.rticular subassembly of an ~quipment assembly

under ccnsideration. For example, a radic receiver tuner bandspread.

PART MEMBER (repeating zi-up in subassembly) - An individual piece or

cember of an egquipment sucvu.isembly.

PART - Designates a psrticular individual piece o. member of an equip-

nment subassembly. For example, variable tuning capacitor.
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TIME-LIRE PRINTCJT

A cgpability exi..s to ocutput a crude time-line using TDMS, COMPOSE and the
; data in the experimental data pccl. Time-line outputs are limited tc the

teletypewriter console characteristics which allow a single iine output
length of 70 characters or spaces. Therefore, by using the column or angle
commands of query and specifying the maximam number of characters and spaces
outputs similar to Figures 25, 26, and 27 are possitle.

MISSION OPERATOR CPERATOR OPERATOR OPERATOR
TIME SUB TASK SUB TASK S'B TASK SUR TASK
(MINUTES ) 10552 1045 1585 1538
3f2.0C 28-1 28-1 28-2 27-4

: 372.25 28-1 28-L 28.2 274

? 372.50 28-1 28-4 28-2
372.75 281 28-4 28-2
373.60 28-1 28-4 28-3 28-6
373.25 28-1 28-4 28 3 286
373.50 25-1 28-3 28-6
375.75 28-1 26-% 28-6

; 37+.00 28-5 28-3 286

i

{ Figure 25, Te ‘“me-Line / Mission Time

Figure 25 precents s simulation processing output that permits the compariscn
between various crev members performing tasks by task computer element (28)
snd sub-task computer elemeni (28-1) number as & function of elapsed time
wvathin a mission time. Blanks signify that an operator does not have an
: assigned task during this time segmant. Since most of the task numbers are
f within compute. elewent (28), it must be assumed that the tas: number (27-L)
being performed by an operator (AFSC 1535) is a carry-over from the previous
P | time segment. A further generalization may also be made; operators {AFSC
10552 and AFSC 1585) are active 10G% of the time during this time segment,
and operators (AFSC 1045 ani 1535) have .75 and 0.50 minutes of uncommitted
1 time during this time ~egment.

TART STOP  TASK
OFERATOR GQTY TIME TIME NG SEGMENT  LOCATION  HELPER  rRIT  DIFF

10552 1 272.58 272.€1 28-1  TAXI WA#1PILOT 10570 NA NA

10570 1 272.58 272,61 28-2  TAXI WA#SCARGO NA NA

10550 1 272.58 272.61 28-5  TAXI WA#SCARGT NA NA

1585 1 272.58 272.61 27-6  TAXI WA#1FTENC MCOD LOW
CONT

1535 1 272.58 272.61 28-L  TAXI WAHINAV VRY VRY

1585 1 272.58 272.61 2B8-3  TAXI WA#LFTENG LOW LOW

Figure 2  Mission Segment Task Time-Line

e A ST
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Figure26 presents a simulation output that permits a slightly different

conf.guration ~f operator task assigmzents during & specified mission seg-

ment. This arrangement of the date is by operater snd task start/stop time

values. The cutput alsc contains some additional information (Mission

Segment, Locaticn, Helper, Task Criticality, and Task Performance Difficulty).

Thus, the time-line may te individually structured by the system user tc con-~

tein and order only these dsata elements or dats element values selected from

the date pool. ;

TIME TASK TASK
3EG OPERATCR QTY TIME NO LOCATION EQUIPMENT
Ly L3270 01 L35 176-1 WA¥38FLTLN ALIGNMENT FIXTURE AQQ108A
BEAM TYPE SLING MR0O228A
43250 02 ENGINE MAINT STAND NOSE
%3230 01 CCWL ENGINE INSTALLATION
FIN KIT
L26 L3259 02 49.8 176-2 WA#LOSHOP AS ABOVE FOR TASK 176-1 PLUS
TRANSPGRTER TRUCK
L2t L3270 01 528.5 176.3 WA#LADFCTY AS FOR 1iT6-2 LESS TRUCK PLUS
RAIL-TYPE TRANSPORTATION TRAILER .
MRO2LBA COMMON HAND TOOLS i
Figure 27 Maintenance Task [ime-Line

Figure 27 provides e third look at an initial time-line bas¢d upon maintenance

date from the experimental data pocol. In this example the display ordering

is based on ar srtificially imposed element--Time Segment--because unschaduled :
maintenance must include sonme type of a hierarchicsl indexing scheme to assist i
in implementing retrieval. Therefcre, this maintenance time-line is ordered {
by time segment and operator. Further, this cutput contains user specified

gqualifiers: quantit, of operators, task identifying number, task location,

and equipment required.
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APPERDIX XIII

SIMULATION OUTPUT TECHNIQUE
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TIN5 7~

SIMULATIOR OUTPUT

D. A. VWilson (1967), of the U, 8. Naval Personnel Research Activity, San Diego,
California developed a scheme for automating Operational Segquence Diagrams
(OSD). ‘The 08D is a specisiized form of task analysis output developed for the
U. 8. Bavy. It does not replace the requirements for a complete task analysis.
This methodology, with some minor modifications, can be programmed as the fixed
format output, for PSES, of & time-line or simulation run. This appendix pro-
vides an exemple of the simulation cutput available using the 0SD techniques,
The behavior codes used are as shown below:

FIRST LETTER H (HUMAR )
HUMAR OR MACHINE M{MACKINE)
SECOND_LETTER A(ACT)
BEHAVIOR D{DECALE)
‘ T{TRANSMIT)
R(RECEIVE)
S(STORE)

P(USE PREVIOUSLY STORED INFORMATION)

THIRD LETTER S(SPEECH)
MEANS OF PERFORMANCE P(FHONE, SOUND-POWER)
I(INTERCOM)
[ E(ELECTRICAL OR ELECTRONIC)
T(TOUCH)
V(.. SUAL)
F(FILED)
FOURTH LETTER D(DISPLAYFD)
DISPLAYED OR NOT BLANK (NOT DISPLAYED)
FIFTH LETTER G(GO, YES NORMAL, ETC.)
INVERSE MEANING N(NO-GO, NO, ABNORMAL. ETC.)

It is anticipated that these behsvior codes would be included, at periodic
intervals on the printout, to reduce memorization and human error.

Figure 28 represents the output of either a time-line from stored data or
simulation run in a proposed fixed format.

Figure 29 is the same information with the addition of heading and columnar
lines drawn to show the sequence of cperation and interrelated man or equip-~
ment operations necessary.
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